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PREFACE 

This  work  was  begun  some  years  since,  but  owing  to  my  having 
to  devote  so  much  time  to  the  organisation  of  the  duties  of  my 
Chair  on  being  appointed  to  the  Professorship  of  Pathology  in 
Aberdeen  University,  it  unavoidably  fell  into  abeyance  for  a  con- 
siderable period.  On  resuming  it,  I  felt  that  the  system  at  first 
adopted  was  calculated  to  give  too  narrow  a  view  of  what  has 
now  become  a  very  wide  and  important  science;  and  I 
accordingly  destroyed  the  early  manuscript  and  remodelled  the 
whole  ah  initio. 

It  will,  I  think,  be  granted  that  the  Pathology  of  u>-day  is 
not  delimitable  merely  as  a  matter  of  pure  morbid  anaXotaj, 
pathological  histology,  pathological  physiology,  patbokigical 
chemistry,  or  clinical  medicine ;  but  that  these  are  simply  ttM 
members  of  a  great  body,  and  that  they  are  indissolnUr  brraad 
together.  All  pathologists  of  renown,  at  home  and  abrrjMi,  Imns 
served  a  lengthy  apprenticeship  in  morbid  anatomj  prior  V-> 
their  becoming  exponents  of  the  science  of  disease.  And,  ff/r  xiixf, 
matter,  the  continuance  in  after  life  of  daily  obeen'axkti  in  H^ 
post-mortem  theatre  is  as  essential  to  the  patbc4og^  ae  clixiy;:^] 
study  is  to  the  physician,  seeing  that  it  is  here  that  mbywu  Ifjr 
further  inquiry  suggest  themselvesu 

A  treatise  upon  the  subject  of  Pathology  wiaeh  itf  wA  lj>.#>inj}r 
supported  by  a  basis  of  morbid  anatomy  most  time  ht  Iv^djuje  jjb 
thoroughness.  It  is  occasionally  aaserUxi  that  what  i«  «<Mti  vtjit 
death  is  simply  the  retult  c€  ^iseaas,  auad  lM9b<%  ««uu  iittvi; 
little  bearing  upon  disease  itsd£  With  so  eiyirt-tsi^^LcVbd  «  vj^p^ 
I  have  no  sympathy,  for  reasons  so  apparent  Vj  wtr  'jut  wj^ 
the  requisite  experience  as  to  be  nnwcnthT  of  funii«r  diiKntMif/ii. 
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But  morbid  anatomy  and  pathological  histology  will  not  carry 
the  earnest  inquirer  beyond  a  certain  point.  In  order  to  arrive 
at  a  solution  of  the  great  problems  of  disease,  many  accessor)' 
means  of  investigation  must  be  adopted.  Ibcperiment  must  be 
largely  resorted  to,  exact  methods  of  physical  research  must  be 
drawn  upon,  nnimal  chemistry  must  be  called  in  to  assist,  com- 
parative pathology  must  contribute  largely,  and,  lastly,  the  whole 
record  must  be  controlled  by  the  results  of  clinical  observation. 

In  constructing  this  work,  I  have  endeavoured,  to  the  l>est  of 
my  ability,  to  glean  materials  from  these  various  sources,  and  to 
unite  and  correlate  them  to  a  common  purpose.  My  object  has 
been  to  prevsent  the  reader  with  a  living  science — a  science 
applicable  to  the  every-day  combat  with  disease. 

In  order  to  afford  opportunity  for  considering  the  subject,  both 
universally  and  in  detail,  I  have  devoted  one  part  to  General 
Tathologieal  I'roceases,  and  another  to  the  Special  Diseases  of 
each  Organ  and  Tissue. 

PathoUtgicAl  tec'hnolog)'  has  become  so  important  nowadays 
that  a  text-lK>f>k  must  be  considered  incomplete  which  does  not 
enter  into  it  at  length.  It  may,  perhaps,  be  judged  by  some,  that 
more  of  this  has  been  introduced  than  was  necessary.  I  have 
been  solicitous,  however,  to  render  the  book  not  only  serviceable 
as  a  systematic  guide,  but  also  to  make  it  applicable  for  use  iu  the 
labijrator}'.  Two  of  the  chapters  on  technology  have  been  devoted 
to  Practical  Bacteriology,  and  Systematic  Bacteriology  will  be 
considered  tn  attnso  in  the  second  volume. 

In  every  case  it  will  be  found  that  the  naked-eye  appearances 
of  diseased  organs  and  tissues  have  been  fully  descril>ed  along 
with  those  which  are  microscopic. 

All  statements  of  importance  from  other  authors  are  ao- 
companied  by  mention  of  the  source  from  which  they  have  been 
derived.  In  order  to  avoid  repetition,  and  to  save  space,  the 
works  referred  to  are  designated  by  a  numljcr,  and  a  key  to  the 
numbers  will  In;  found  at  the  end  of  each  volume.  In  addition 
to  this,  a  selected  bibliography  follows  each  main  subject,  which 
may  serve  to  supplement  the  references  given  in  the  text.  It 
most  be  remembered,  nevertheless,  that  the  bibliography  does  not 
aim  at  anything  like  completeness,  but  has  been  compiled  more 
with  the  view  of  indicating  the  landmarks  of  each  subject,  and 
with  especial  reference  to  monogniphs  of  recent  date.  Even 
acting  on  these  lines,  want  of  space  has  reluctantly  compelled  me 
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to  omit  mention  of  many  excellent  treatises,  and  I  must  accord- 
ingly offer  my  apologies  to  their  authors  for  non-iasertion. 

The  Figures  have  all  been  drawn  by  myself  from  my  own 
preparations,  unless  where  otherwise  stated  in  the  List  of  Illus- 
trations, and  my  best  thanks  are  due  to  my  publishers  for  the 
liberal  manner  in  which  they  have  allowed  me  to  illustrate  the 
book.  I  am  also  much  indebted  to  several  private  individuals  and 
firms  for  clich<-3  of  instruments.  Dr.  Rohrbeck,  of  Berlin,  has 
kindly  furnished  me  with  most  of  the  woodcuts  of  bacteriological 
apparatus. 

Finally,  I  have  to  return  my  warmest  thanks  to  the  many 
friends  and  old  pupils  who  have  been  good  enough  to  revise  the 
proof-sheets,  among  whom  I  must  particularly  mention  my 
co-examiner  Dr.  Philip,  of  Edinburgh,  and  Dr.  Crooke,  of 
Birmingham. 

The  second  voliune  is  in  process  of  preparation,  and  will  be 
issued  with  the  least  possible  delay. 
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of  the  first  duties  of  a  teacher  of  any  branch  of  medical  science 
u  to  call  into  play  and  to  exercise  the  observant  faculties  of  Lis  pupils, 
■ad  no  l>etter  field  for  putting  these  into  practice  can  be  found  than  in 
thia  post-rnortan  theatre.  With  a  beginner,  it  is  essential  to  get  into  a 
good  system  of  working  and  to  adhere  to  this.  Such  a  system  can  be 
ao({uired  only  after  large  experience,  and  accordingly  it  is  an  immense 
help  if  the  teacher  can  prescribe  a  certain  clear  order  of  procedure. 
In  many  of  the  medical  schools  of  this  country  and  on  the  Continent, 
tbo  examination  of  the  cadaivr  is  carried  out  in  a  very  slovenly 
cuancr.  A  few  of  the  most  interesting  organs  are  looked  at  in  a 
hmp-hozard  sort  of  fashion ;  notes  are  nut  taken  at  the  time  of  per- 
formance of  the  seci'u) ;  and  probably  after  the  pathologist  has  per- 
fomuxl  six,  ten,  twelve,  or  even  more  examinations  in  a  morning,  he 
vainly  aits  doHii  to  attempt  to  write  out  the  records,  or,  it  may  be, 
doM  so  a  day  or  two  afterwards.  Records  of  this  kind  are  perfectly 
oaeleaa. 

In  constructing  a  scientific  report,  it  is  necessary,  of  course,  to 
enter  somewhat  deeply  into  detail,  and  printed  forms  are  recom- 
mrndeii  in  Germany  and  elsewhere  for  forensic  purposes,  so  framed 
aa  to  ensure  that  no  point  !«  neglected  in  the  examination.  Some  of 
thflia  forms,  such  as  that  employed  in  Genuany,  go  a  little  farther 
than  is  necessary  in  this  respect,  so  that  they  become  too  complex  for 
emy-day  ose.  Very  much  the  same  method  has  occasionally  lieen 
IMOmnMnded  in  teaching  clinical  medicine,  witli  the  effect  of  rendering 
tba  protocol  of  one  case  very  much  like  that  of  all  otbei-s.  On  the 
other  hand,  some  such  system  is  no  doubt  a  valuable  safeguard  against 
any  grave  omission,  but  it  is  well  to  leave  a  due  amount  of  scope  for 
the  diacretioii  and  common  sense  of  the  operator. 

Tlie  type  of  report  given  in  Section  24  is  that  which  the  author 
haa  found  most  useful  in  actual  practice,  and  is  the  one  which  he 
amploya  at  the  present  day.     It  is  very  simple,  and  can  be  easUy 
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written  out  iu  an  ordinary  note-book  before  commencing  the  examina- 
tion. It  is  much  more  convenient,  however,  to  have  it  printed, 
leaving  s^mces  of  appropriate  si^e  between  the  different  hendings. 

1.  Instruments.  Knirxs. — Four  kinds  of  knife  are  desirable  ;  (a) 
a  sectio  knife  for  o[>ening  the  body ;  (b)  ordinary  dissecting  n>oni 
scalpels ;  (c)  a  long  knife  for  opening  the  orifices  of  the  heart  uiid  for 
cutting  into  the  brain  ;  and  (f/)  a  curved  probe-pointed  bistourj*. 

There  is  no  doubt  that  what  Virchow  (No.  1)  says  in  regard  to 
the  kin<l  of  knife  to  be  used  for  the  actual  opening  of  the  body  and 
removal  of  organs  is  correct,  and  that  the  usual  knives  provided  for 
the  purpose  are,  ns  a  rule,  unsuitable.  It  ought  to  be  made  on  the 
principle  of  a  butcher's  knife,  that  is  to  say,  it  should  be  large,  h^ve 
a  deep  belly,  and  end  in  a  somewhat  obtusely  acuminated  \to\nU 
The  blade  should  be  iinnly  set  in  tlie  handle,  and  the  latter  be  so 
large  that  it  can  be  hold  in  the  whole  hand.  The  larger  the  knife 
the  quicker  will  the  examination  be  made,  and  the  more  clearly  will 
the  organs  \ye  excised.  In  every  ix>st-m(>rimn  case  there  ought  to  be 
at  leact  three  such  knives,  and  in  a  lai^e  hospital  six  or  more  should 
be  provided. 


fta.  I.— Sicno  Rnn  roB  OBiiix*Br  I'oa-ilorUtik  Wukk. 


TTie  long  knife  for  oiieiiing  the  valves  of  the  heart  und  for  cut- 
ing  into  the  bniiu  should  have  a  blade  at  least  10  inches  long  and 
jths  of  an  inch  broad.  An  ordinary  amputation  knife  will  not  do.  It 
must  have  a  rounded  blunt  extremity,  so  that  on  introducing  it  through 
the  orifice  of  the  aorta  or  pulmonary  artery  it  does  not  catch  upon  the 
cusp*  of  the  valve  and  wound  these.  Even  for  incising  the  brain  there 
is  no  occoiiion  for  a  point 

llie  curved  probe-iwinted  bistoury  is  for  the  purpose  of  cutting 
through  the  dum  mater  in  removing  the  brain. 

Diueding  Forupt. — Two  or  three  pairs  of  various  sixes. 

Bvnt  Foreept. — One  very  large  pair,  in  fact  the  lai;geBt  bone  forc6| 
made,  with  very  rigid  handles,  which  ought  to  be  roughened,  so  as 
get  a  firm  grasp.     A  smaller  jiair  may  be  added. 

Scitx/n. — A  fine-[)ointed  pair ;  two  larger  sized,  made  broader  and 
stronger ;  and  a  pair  of  intestine  scissors  with  a  hook  at  the  end. 

Saw. — One  is  suflicient  for  most  purposes,  but  it  ought  to  be  very 
strong,  and  the  teeth  pMrticularly  well  set.  The  back  should  be 
movable,  and  the  blade  not  leas  than  eleven  inches  long.  The  saw 
provided  in  most  cases  is  far  too  short.  A  small  saw  nuiy  be  con- 
venwntly  added,  siiitable  for  removing  small  bonea,  such  as  thoae  of 
die  ear. 

Ckiad  aadifaUet. — The  former  ought  to  have  a  straight,  not  the 
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nsoil  carved,  edge,  and  if  it  is  provideil  with  a  cross  handle,  this 
ooght  to  be  fixed  a.nd  made  rough  and  broad  on  the  surface,  so  that 
the  mallet  does  not  slip  when  applied  to  it  The  mallet  is  to  be 
nuule  of  heavy  wood. 

.-/  Ili»k  for  removing  the  calvaria.  A  very  useful  instrument 
for  alipping  into  the  incision  in  the  skull  instead  of  the  ver)'  dangerous 
Itractice  of  inserting  one's  fingers.  It  shouKl  have  a  strong  croaa 
haadle.  It  is  particularly  serviceable  in  medico-logal  examinations 
wherA  the  employment  of  a  mallet  is  unjustifiable. 

Thre4  Flat  Strong  Needles  for  stitching  up  the  body. 

,V  Sfi  of  (rraduattd  Cones,  such  as  are  employed  in  meaexiring 
apertures  of  different  kinds,  divided  into  fnictions  of  an  inch.  These 
an  by  far  the  best  instruments  for  measuring  orifices. 


Fin.  2.-  OKAHIATI'Q  CoXEil    VMD   roB    MllASL'RINu    UKlriC^ 

A  Sd  oj  Glass  or  Wfdfjwood  Mea.<nires  for  liquids. 
jt  Gallon  Measure  made  of  metal. 

Balance  with  a  hollow  scale  capable  of  holding  a  large-sized  liver 

Thvj  Injcftituj  Si/rljuffs  and  Nozzles. — The  large  one  should  be  from 
8  to  10  oz.  capacity;  the  small,  from  3  to  4  oz. 
^  No.  8  Jiilver  Caihekr. 
Srerral  SUrer  J'robes  and  a  Bloxc-pipe. 

Three  Hooks  attached  by  a  chain,  for  dis.?ecting  purposes.     Two 
acts. 

-■/  U'vrfnaA-  MicrosMpe,  with  objectives  Nos.  3  and  7,  and  ocular 
No.  3  :  s,  covers,  and  needles  (see  Sect.  63). 

jfn  y  71  tuf  Microtome  aiui  Ktii/e. — Too  expensive  an  inslm- 

tit  nhould  not  be  purcliased,  tia  it  is  preferable  to  employ  ice  for  the 

of  muut  tissues,  unless  of  course  where  this  CnOnnot  readily 

The  ether  freezing  microtome  is  advantageous  in  the 

room  because  of  the  readiness  with  which  a  small  piece 

at  taooe  can  be  frozen  and  cut.     That  recommended  by  Dr.  Lewis, 
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or  the  later  one  invented  by  Dr.  Cathcart,  is  sufficient  for  all  practical 
purposes,  and  both  are  very  cheap  (see  Sect.  39). 

A  DoubU-hladed  or  I'alrntm*  Knife. — Before  the  time  of  freezing 
microtomes  this  instrument  was  in  great  requisition  for  making  a  com- 
paratively thin  and  large  section.  It  affords  a  rough  view  of  the 
histological  characters  of  a  tissue,  but  is  not  to  be  compared  in 
efficiency  with  a  freezing  microtome.  The  parallel  blades  are  ao 
adjusted  that  by  means  of  a  fine  screw  they  can  be  approximated  to 
any  required  distance,  and  fixed  in  that  position.  The  knife  is  then 
passed  through  the  orgun  with  a  sawing  motion,  and  the  section  come* 
out  between  the  blades.  The  section,  hoM'ever,  although  occasionallj 
successful,  is  apt  to  be  torn  and  to  be  of  unequal  thickness,  so  that,  in 
later  Ume«,  this  instrument  haa  fallen  into  disuse. 

A  Small  Harrow  Ifoodm  Foot-ntU  graduated  for  inches  on  one  side 
and  centimetres  on  the  other. 

A  Afftisttriruf  Tape  similarly  gniduatcd. 

2.  Reagents. — (a)  A  solution  of  equal  parts  of  Liquor  lodi  (P.B.), 
and  w:iUir ;  (h)  a  large  quantity  of  j  per  cent,  solution  of  common 
•alt ;  (e)  a  1  to  20  solution  of  carbolic  acid  in  water,  for  disinfecting 
the  hands  after  an  examination, 

3.  External  Appearances. — If  there  is  one  nile  more  importjuit 
than  another  in  making'  a  jxiJ-morlfrn  inspection,  it  is  perhaps  to 
aamine  the.  rxtrrior  of  thr  nhlirer  Ixj'ore  prcKreding  to  the  interwr. 
Unless  this  is  attended  to,  it  will  Ijc  found  impossible  afterwards  to 
ascertain  certain  fiicts  wliicli  niuy  Ite  of  the  greatest  value  in  th« 
report.  One  can  never  be  too  particular  in  taking  note  of  wivat 
may  even  seem  extraneous  and  unimportant  appearances  on  the  out- 
side of  the  body,  as  these  often  come  to  have  a  peculiarly  direct 
bearing  upon  the  case.  Every  medical  jiuist  must  have  had  som« 
remarkable  experience  of  the  truth  of  this  in  cases  where  the  Ixidy  h»* 
remained  unidentified  after  death  ;  Init,  in  all  cases,  everything  abnoi 
in  the  external  appearances  should  )>e  noted  before  the  Ijody  has 
touched  with  the  knife. 

The  fotiarcr  should  be  weighed,  if  this  is  practicable,  and  the  hfigkt 
and  girth  at  the  shoulders  noted-  It  is  a  good  rule  to  record  next 
the  state  of  the  body  in  regard  to  generai  rufurUhni^nl,  the  extent  of 
the  ri^  mortis,  and  the  amount  of  post-  or  antrmorlrm  licidity.  In 
describing  the  lividity  employ  the  terms  "  slight,"  "  medium  in  amount," 
or  "  great,"  on  dependent  parts,  upjHjr  surface,  tips  of  the  cars, 
or  fingers,  etc.,  as  the  case  may  be.  On  no  account  omit  to  turn 
over  tfu  boil;/  in  order  to  examine  the  liack.  It  is  here,  of  course,  that 
the  post-morifin  lividity  is  usually  greatest,  and  while  taking  note 
of  this,  any  other  abnormalities  should  be  observed,  although  thoy 
nee<l  not  necessarily  be  described  along  with  the  lividity.  Kxamine 
next  every  part  of  the  surface  in  detail,  from  the  crown  of  the  lieail 
downwards.  The  scalp  shoiUd  be  gone  over  with  the  hands  in  order 
to  detect  the  presence  of  any  wound  or  excrescence  upon  it ;  and  the 
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jtity  anil  colour  of  the  hair  on  the  scalp,  eyebrows,  and  ej'elashes, 

siiould  be  taken  into  account.  Then  the  state  of  the  pupils  and 
eamttij  the  liquid  rjmding  from  tlie  month  or  nostrils,  and  the  condition 
of  the  Upa  and  ears  should  be  examined  in  regular  rotation.  The  n^k, 
d^aif  abdcmen,  genital  organs,  groins,  and  livifis  are  each  to  be  carefully 
tautofld,  and  various  parts  tested  by  pressure  for  oedema.  if  a 
loealiaed  livid  patch  is  suspected  to  be  a  bruise,  incise  it  and  see 
■whether  blotid  has  hern  effused  into  the  tissues, 

4.  The  first  Incision  runs  from  the  sterno-clavicular  articulation 
down  to  the  symphysis  pubis,  and  should  be  made  in  one  sweep  with 
the  large  sectio  knifo  previously  described,  the  head  of  the  cadaver 
being  to  the  operator's  left  hand.  A-s  much  as  possible  of  the  belly 
of  the  knife  should  be  pressed  against  the  tissues  in  doing  tliis,  so 
tluit  a  free  and  continuous  incision  is  made  through  the  skin  and  sub- 
cataneoiia  fat.  Care,  however,  mu-st  be  taken  not  to  go  deeper  than 
this  in  passing  over  the  abdomen,  otherwise  the  stomach  or  other 
abdominal  \'i8cus  may  be  wounded.  The  abdomen  should  now  be 
ofiened  by  an  incision  in  the  ej>iga3trium  sufficiently  large  to  admit 
two  fingers.  The  fingers  of  the  left  hand  are  introduced  into  the 
wound  and  traction  i.s  exerted  by  them  upon  the  abdominal  parietes 
90  M  to  pull  the  latter  away  from  the  umlerlying  coils  of  the  intestine. 
With  one  .«weep  the  incision  into  the  abdomen  can  be  carried  down  to 
the  symphysis  pubis,  and  in  making  this  deep  as  well  as  the  primary 
superficial  wound,  the  umbilicus  should  be  avoided.  Notr-  the  condition  of 
Us  aidtmunal  orgtuis,  as  exposed  by  the  opening  in  the  wall,  before  fh/'y  have 
l«ame  dittutbed.  The  position  of  the  diaphragm  in  newly  bom  cliildren 
is  of  importance,  and  should  be  examined  immediately  on  opening  the 
abdominal  cavity,  and  before  any  wound  is  made  intil  the  chest. 
ijittamre  all  liipmls  found  in  any  part  of  the  body,  and  on  no  account 

M  a  random  guess  at  their  quantity.  Any  further  description  of 
titeBe  liquids  may  be  ap]>ended  to  the  statement  of  the  actual  quantity, 
iM,  for  instance,  "and  the  liquid  distended  the  pleural  cavity,  com 
pr««atng  the  lung  to  half  its  bulk,"  but  the  actual  quantity  should 
alwAjfl  be  mentioned.  In  remo\'ing  ascitic  liquid  it  is  best  to  squeeze 
M  mach  out  as  possible  through  the  small  incision  in  the  epigastrium, 
ooatiooing  to  do  so  as  the  incision  in  the  abdominal  wall  is  enlarged. 

If  a  perforation  of   the  intestine  is  suspected,  or  if  there  be  an 
abiloininal  tumour,  examine  the  position  of  these  with  as  little  dis- 
of  the  abdominal  viscera  as  possible.      If  after  death   the 
has  become  digested,  and  the  contents  have  escaped  into  the 

lomen,  notice  where  the  cffiiscd  contents  lie.  In  an  avk-fnortem 
perforiitioD  of  the  gu^tro- intestinal  tract  the  contents  are  usually 
dillttted  more  or  less  throughout  the  aVtdomuiai  c^ivity.  In  one  whicli 
kis  oocorrod  post-morUiii,  the  half-digested  food  lies  around  the  pcr- 
lovBtion. 

The  8ofl  tissues  are  now  to  l>e  removed  from  the  chest  wall  with 
Um  iargo  sectio  knife,  and,  in  doing  so,  a  constant  diiig  &ho\Ud  be  kept 
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upon  them  with  the  left  hand,  while  a  nitmber  of  lany  inciaiona  an 
made  with  the  knife.  The  abdominal  muscles  should  be  entirely 
severed  from  the  lower  border  of  the  ribs,  and  the  ribs  freely  expoavd 
for  some  distance  beyond  the  cartilages. 

The  Cartilages,  if  uncalciiied,  are  to  be  divided  with  the  onlinary 
sectio  knife,  and  this  should  be  done  in  a  slanting  direotion  ;  they  are 
thus  much  more  easily  cut.  If  they  are  calcified  it  will  be  necessary  to 
employ  tlie  saw.  The  left  corner  of  the  sternum  and  its  attached 
cartilages  is  then  to  be  lifted  up,  and  the  diaphragm  and  other  muscles 
detached  from  it,  the  same  being  done  on  the  opposite  side.  The 
remainder  of  the  sternum  is  now  to  be  detached  from  underlying  con- 
nections, care  being  taken  not  to  injure  the  pericardium.  It  is  well 
to  introduce  the  hand  under  the  sternum  and  to  feel  whether  thert- 
be  any  aneurism  or  other  tumour  attached  to  it,  so  as  to  prevent  in- 
juring this  by  the  careless  use  of  the  knife.  The  clavicular  attacliment 
of  the  sternum  should  not  be  separated,  but  the  sternum  is  to  (to  sa 
through  a  short  distance  below  it.  If  the  clavicles  are  detached  from 
the  sternum  there  is  difficulty  in  afterwards  filling  up  the  ugly  gap  which 
is  left,  the  weight  of  the  upper  extremities  tending  to  sep&rat«  Um 
clavicles.  Do  not  divide  the  periosteum  of  the  anterior  aspect  of  tbe 
sternum  for  it  acts  as  a  hinge  in  supporting  the  bone  after  the  body 
has  been  closed. 

Ijeaving  the  abdomen  for  the  present,  the  cavitits  should  be  systemati- 
cally explored — firstly  for  liquids,  and  secondly  for  adhesions  or  other 
abnormalities  upon  their  surfaces.      Do   not   open  the  pericardium 
before  this  has  been  done,  as  the  liquids  of  the  two  cavities  may 
mixed,  so  rendering  it  impossible  to  measure  them.     The  tho: 
organs  have  nowto  be  examined  in  the  following  order. 

5.  The  Heart. — If  the  pericardial  sac  contains  much  liquid 
addition  to  recording  the  quantity  of  this,  take  the  greatest  measure 
menlB  from  base  to  apex  and  transversely  before  it  has  been  o|>t>ned. 
Observe  how  much  of  tho  sac  is  covered  by  the  lungs  anteriorly,  ani' 
after  having  noticed  any  other  abnormalities  in  connection  with 
outer  surface,  opni  tlif  mc  in  tho  following  manner.  Two  incisions 
made,  the  one  running  along  the  diaphragmatic  border,  the  other 
along  the  margin  of  the  right  lung.  In  this  miuiner  a  V  shaped  Map 
of  pericardium  is  detached  whicli  ought  to  be  held  back  by  an  assistant 
while  the  operator  collects  the  juTicardial  liquid.  This  is  done  by 
pulling  U])  the  iqiex  and  allowing  the  liquid  to  gravitate  to  the  lowest 
part  of  the  sac.  The  liquid  can  then  be  readily  withdrawn  without 
ony  of  it  being  lost 

The  heart  is  next  replaced  and  tho  organ  exavnntd  in  silu.     Mi 
it  from  base  to  apex  and  at  its  greatest  transverse  diameter,  and  ha' 
done  so,  see  whether  it  is  displaced  in  any  way,  whether  there  is  an; 
tibrinous  elTiuion  upon  the  interior  of  the  perioanlial  sac,  or  ailhesions 
between  its  surfaces.     Note  the  position  of  the  apex  in  relation  to  the 
ribs  and  the  mammary  line.     Next  tatmine  the  state  of  the  cavities  as 
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rrgiuxls  the  contraction  or  relaxation  of  their  walls  and  the  amount 
of  blood  contained  within  tliem.  In  most  caaes  it  is  unnecessary  to 
■Nsmre  the  amount  of  blood,  and  in  all  cases  where  the  blood  is  tluid 
saeli  measoreiDent  must  necessarily  bo  fallacious,  from  the  fact  that 
the  blood  readily  flows  from  one  cavity  into  another  after  death,  and 
ttom  the  large  vessels  back  into  tho  heart  whenever  the  latter  is 
opeoed.  Hence  in  most  cases  a  more  useful  method  is  simply  to  state 
that  the  chamber  in  question  "contained  a  little  blood,"  "was  almost 
empty,"  "  was  half-filled,"  or  "  was  distended  witli  blood,"  or  some 
roch  similar  expression  indicative  of  the  relationship  of  the  actual 
quantity  of  blood  to  the  organ.  For,  after  all,  tho  actual  quantity 
givtis  very  little  information  if  taken  alone,  seeing  that  the  size  of  the 
cbambers  differs  so  much  in  different  subjects.  It  may,  however,  be 
better  in  medico-legal  cAses  to  err  on  the  safe  side  by  measuring  the 
aetaal  quantity  in  the  left  and  right  chambers  in  addition  to  stating 
the  relationship  of  this  quantity  to  the  walls.  In  cases  of  death  by 
drowniDg  and  other  forms  of  asphyxia,  as  well  as  in  death  from  cardiac 
iiyncope,  profuse  hemorrhage,  etc.,  it  is  also  advisable  to  do  so,  but  in  the 
majority  of  ordinary  cases  it  is  sufficient  merely  to  state  the  amount  of 
dtAt«nsion  present  in  the  four  chambers  and  large  blood-vessels. 

Having  done  this,  mnke  an  incision  about  one  inch  long  into  the 
jmlmotutry  arkry  some  distance  l>eyond  the  valve,  and  introduce  the 
forefinger  down  to  the  bifurcation  of  the  vessel.*  Notice  whether 
there  is  any  clot  contained  in  it,  and  ascertain  from  ita  appearance 
whether  such  be  tinU-murtan  or  post-marlem,  and  whether  it  be  locaDy 
produced  or  detached  from  some  large  vessel  The  incisions,  where 
the  organ  is  opened  in  siiu,  should  be  the  same  as  those  about  to  be 
descritied,  but  where  it  is  unnecessary  to  measure  the  actual  amount  of 
blood,  or  to  retain  it  for  purposes  of  analysis,  it  is  not  advisable  to 
open  tho  heart  until  it  is  removed  from  the  body. 

Remove  it  by  cutting  through  the  vessels  as  far  away  from  the  organ 
possible.     Begin  with  the  vena  cava  inferior  ;  sever  the  connections 
tho  pulmonaiy  vessels  next,   and,  lastly,  cut  through  the  aorta 
rava  superior.     In  dividing  the  aorta,  draw  the  heart  up  oo 
IV  jd  st«mum  so  as  to  pull  it  out  of  the  chest  as  far  aa  powdble. 

Th^n  jolicncs  the  more  detaUfd  aamination  of  the  turfau  and  chamhtrt. 

lU  Surfatt. — Under  this  are  to  be  noted  the  condition  of  the 
epicardium  and  the  sub-epicardial  fat.  In  cases  of  general  oberity  the 
ib-epicardial  fat  is  usually  much  increased  in  quantity.  Tbickenuiyi 
the  (^picardium  from  friction  or  "  milk-spots  "  m  bmmA  coauaou  OB 
^■urface  of  the  right  ventricle  anteriorly  and  poetflriaify  sod  At  tiM 
WftK,  In  acute  pericarditis  the  epicardium  becomee  rom^bcoed  firan 
a  eoattng  of  fibrinous  lymph,  so  that  the  muiaoe  thoold  b«  canfaDy 
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inapeeted  to  make  rare  thai  it  reUias  ita  natunl  gloBsineaa.    Cueoua 
tubercles  are  rarely  found  on  the  surface  of  the  pericardium ;   for 
some  unexplained  reason  it  ia,  of  all  the  serous  membranea,  the  leaaij 
frequently  affected  with  tuberculosis.     The  condition  of  the  anvnarf\ 
arUries  should  be  examined  in  all  cases.     Rupture  of  the  heart  by  no 
means  infrequently  happens  from  fatty  degeneration  caused  by  caki- 
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fication  of  the  coronary  arteries  following  upon  atheromatous  endo- 
artcriitis.  The  muacular  fibre  becomes  fatty,  softens,  and  under  some 
nin>«UAl  struin  gives  way,  the  escape  of  blood  in  most  cases  causing 
almoat  immediate  death. 

Slit  the  coronary  vessels  oi»on  with  a  probe-pointed  bistoury.  If 
th«y  are  healthy  they  should  have  a  bluish-pink  tint  and  bo  quite 
■mooth.  Any  other  featurc«  of  note  on  the  surface  should  all  be  dili- 
geotly  recorded,  such  as  an  uousiuil  size  of  either  of  the  ventricles,  etc 
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The  Interior. — The  primary  openings  into  the  rcntiieles  should  be 
made  vithoot  injnring  the  Talves,  and  without  inteifeiii^  vith  the 
septoBL  Many  methods  are  recommended  fat  cq>ening  the  heart,  bat 
the  author  has  found  the  following  most  serriceable: — 

Lay  the  heart  on  a  flat  surface  with  its  posteriw  a^tect  downwards. 
The  beet  guide  to  the  various  aspects  of  the  heart  is  the  pofanonarr 
artery.  Seek  for  this  first;  its  position  will  at  once  indicate  the  anterior 
aspect  of  the  organ.  Lay  the  organ,  therefdHe,  with  its  posterior 
aspect  in  contact  with  tJie  table,  the  apex  p(Hnting  towards  the 
operator.  Introduce  the  point  of  the  ordhiary  eeetio  knife  <Hie  inch 
below  (Fig.  3,  a),  and  half  an  inch  to  the  left  side  {h)  oi  the  left  border 
of  the  pulmonary  artery  at  its  base.  Hie  exact  pmnt  ot  coarse  raries 
with  the  size  of  the  organ,  and  a  little  allowance  must  be  made  for  this, 
but  the  above  generally  fixes  the  point  of  entrance  sufBdently  welL  Push 
the  knife  backwards  and  a  litUe  downwards  until  it  pssBCS  into  the 
opposite  wall  of  the  ventricle.  Then  draw  it  downwards  and  very 
slightly  outwards  (e,  c),  and  the  left  ventricle  will  be  <^pesied.  A  flap 
is  thus  made  sufficiently  large  to  remove  the  Uood  aiid  to  test  the 
competency  of  the  aortic  valve. 

The  next  step  ia  to  teti  the  eompetetKy  of  the  aorlie  vcite  by  allowing 
water  to  run  into  the  aorta.  Do  not  make  the  mistake  of  testing  the 
valve  before  opening  the  ventricle.  Li  order  to  get  the  cusps  of  the 
valve  to  dose,  the  heart  most  be  suspended  by  grafting  the  cut  edge 
of  the  aorta ;  and  it  is  essential  to  suspend  it  merely  by  the  ascending 
aorta,  otherwise,  almost  to  a  certainty,  the  valve  will  be  rendered 
incompetent  Allow  a  fairly  powerful  stream  of  water  to  run  in, 
and  if  the  valve  is  competent  the  water  ought  to  he  retained.  Be 
careful  to  look  into  the  aorta  to  see  that  the  cusps  meet,  and,  of 
course,  remove  any  clot  which  may  be  present  in  the  aperture: 

Testing  mth  Air. — ^The  above  is  the  usual  means  emploj'ed  for  test- 
ing the  competency  of  the  valves.  It  is,  however,  faulty  from  being 
applicable  only  to  the  aortic  and  pulmonary  arter%'  orifices,  as  weU  as 
from  the  pressure  exerted  by  the  water  on  the  valves  being  considerably 
less  than  that  of  the  blood  during  life.  It,  moreover,  does  not  display 
the  valve  in  motion,  and  hence  fails  to  show  what  the  mechanism  of 
a  particular  incompetency  may  have  been. 

The  substitution  of  air  for  water  will  be  found  to  be  a  great  im- 
provement on  the  water  method,  as  it  may  be  utilised  for  all  the 
valves,  and  can  be  made  to  display  the  action  of  the  cusps  in  motion. 
The  following  is  the  manner  of  adapting  it  to  the  various  orifices  : — 

An  incision  is  first  made  into  the  left  auricle,  and  any  post- 
mortem  clots  are  carefully  removed  from  the  left  chambers  through  it^ 
Another  incision  large  enough  to  admit  the  nozzle  of  a  half-inch  tube 
is  made  into  the  ventricle  near  its  apex  and  in  the  line  of  that 
required  for  laying  it  fully  open.  The  tube  is  joined  to  a  bellows, 
and  air  is  driven  intermittently  into  the  ventricle  by  means  of  it,  * 
aorta  having  been  meanwhile  closed.     The  valve  will  be  seen  to 
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and  close,  according  as  the  air  is  aspirated  or  driven  out  of  the  bcllow6. 
A  like  procedure  is  adopted  for  the  demonstrntiun  of  the  tricuspid. 

To  test  tlio  aortic  valve,  the  incision  before  described  as  necessary 
to  lay  open  the  left  ventricle  is  continued  up  as  close  to  the  valve  as 
possible  >vit}iout  injuring  it.  The  tube  is  tied  into  the  aorta,  and  the 
action  of  the  valve  is  watched  from  below.  The  same  method  is  naed 
to  U'&i  the  competency  of  the  pulmonary  artery  valve. 

\&  a  matter  of  fact  the  ti*icus]>id,  in  the  human  heart,  will  always 
be  found  more  or  less  incompetent. 

0pm  the  right  venlritU  in  the  following  way : — Lay  the  organ  on  the 
table  with  the  left  ventricle  (Fig.  4)  lowest  and  the  ajtex  pointing  to 
the  right  of  the  operator,  (irasp  the  thin  wall  of  the  right  ventricle 
between  the  tiiigern  and  palm  of  the  hand,  so   as  to  make  sur«   that 
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it  it  sepuuted  from  the  septum.  The  wall  of  the  right  ventricle  is 
nsiiidly  so  thin  that  the  position  of  the  septum  can  bo  readily  felt. 
With  the  long  brain  knifo  cut  a  V-shaped  flap  in  the  ventricle  from 
the  apex  upwards.  The  size  of  this  should  be  such  that  free  access  is 
gained  to  the  cavity,  but  not  so  extensive  as  to  injure  the  tricuspid 
valve.  Tlie  incisiuu  cin  b«s  tniulc  without  danger  of  injurinj;  any  parts 
of  imiN'jrtance,  if  the  ventricle  is  thoroughly  gathered  uj)  by  the  fingers 
from  the  septum.  Test  the  comj)etency  of  the  pulmonary-  arterj'  valve 
by  the  »ime  nietho<l  a^  that  employed  for  the  aorta. 

lifturn  to  the  Ir/t  siik  </  </«•  orgun  and  nmisure  the  diamdrrs  of  the 
myiref  with  the  conc^;  depicted  in  Fig.  2.  Take  the  measurement  of  the 
orifices  in  the  following  order: — Aorta,  mitral,  pulmonary  artery,  and 
tricuspi<l.  Several  jwints  require  to  bo  remembered  in  using  tliesc 
con«B,  namely — ( 1 )  Push  them  through  in  the  same  direction  aa  that  in 
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iwliich  the  blootl  runs.  (2)  Be  particularly  careful  not  to  detach  any 
1  Tt'i'etations  adbering  to  the  cusps.  (3)  Do  not  use  any  force,  but 
|«unp]y  run  the  cone  into  the  orifice  until  it  is  felt  to  catch  ;  of  course, 

if  force  i»  employed  the  apertures  may  be  stretched  with  an  instrument 

of  this  kind  much  al)ove  their  real  size. 

<For  size  of  the  various  orifices,  see  Diseases  of  Heart). 

Tliin  method  of  measuring  by  cones  is  by  far  the  most  convenient.     Un<ler  no 
tttimmstances  should  the  operator's  fingers  be  taken  ta  the  gauge.     The  range  iu 
\  ct  different  pathologists'  fingers  ix  so  extensive  that  tlie  method,  altliough  still 
in  many  Germsn  schools,  is  totally  uusrientilic  and  worthless  as  a  standard 
rnouurcraeut.     The  diameters  are  read  ofl*  by  loeaiis  of  the  cones  in  a  few  seconds, 
1  haring  once  got  the  niea^nretnents  in  inches  or  centimetres,  it  is  quite  unneces' 
to  indulgR  in  tliose  vaguest  of  all  terms  "large"  and  "smalL"     In  order  to 
luce  the  couei  into  the  mitral  and  tricusjiid  it  is  necessary  to  open  each  auricle. 
1  Optniag  sufficiently  large  for  the  purpose  may  be  mode  between  two  of  the  veins 
I  th*  caM  of  the  left,  and  between  the  two  venie  cava:  in  that  of  the  right.     The 
iooa  can  readily  be  stitched  if  it  is  deaired  to  retain  the  organ  as  a  museum 


C^pm  thf  aortic  valve  in  such  a  way  that  the  incision  cuts  through  the 

ivision  lietween  two  cusps.     Virchow  (No.  1)  recommends  the  use  of 

>r»  for  this  purpose,  but  if  certiiin  prwuutions  be  attended  to,  an 

better  instrument  is  the  long  brain  knife.     This  knife  is  made 

at  die  point  purposely  to  avoid  catching  the  cu.?p8,  and  in  the 

of  the  aorta,  the  division  between  two  cusps  will  always  be  hit 

(unless  the  valve  is  seriously  deformed)  if  the  following  procedure  be 

ed : — I'fiss  tkt  knife  into  the  aoita  from  below  upwards,  and   aU 

the  voire  and  iiscending  portion  of  tlie  arch  by  keeping  the  edge 

oi  tlosrly  as  jKtssible  vpon  the  pulnumary  arttry.    As  the  pulmonary 

|^»rtery  is  considerably  curved,  the  knife  is  direcleil,  supposing  the  heart 

to  be  in  the  body,  inwards,  upwards,  and  outwards,     The  organ  should 

ht  loosely  held  in  the  left  hand,  and  the  closer  the  knife  turns  round 

the  curve  of  the  pulmonary  artery  the  more  cleanly  will  the  incision 

nai  through  the  interval  between  two  cusps.     Such  an  interval  always 

[hoB  cloae  upon  the  pulmonary  artery,  and  it  is  this  which  it  is  desired 

i;|o  strike.     If  the  operation  has  been  projierly  performed,  the  pulmonary 

farti^  should  not  be  injured,  but  the  knife  should  have  run  in  the 

e«UulAr  tLssue  between  tliia  vessel  and  the  aorta.     If  the  valve  is  very 

much  distorted  by  disease  it  is  better  to  continue  the  primary  incision 

into  the  ventricle  close  up  to  the  base  of  the  aortic  valve,  and  then 

noticing  where  the  intcn'al  between  two  cusps  exists,  to  divide  with 

the  long  knife  or  scissors. 

Ex.amine  the  interior  of  the  left  side  before  proceeding  to  the  right. 

It  is  a  good  rule  to  begin  with  the  aorta,  coming  down  to  the  aortic 

Talre,  the  interval  between  the  aortic  and  mitral,  the  mitral  itself, 

and  the  endocardium  generally.     Note,  lastly,  the  size  of  the  ca\nty 

<  of  the  ventricle  and  thickness  of  the  wall,  along  with  any  disease  of  tlie 

liViucular  fibre.    Grasp  the  bases  of  the  aortic  cusps  and  notice  whether 
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they  are  luiusually  indurated  and  cartilage  like.  Examine  the  edge  of 
the  mitral  with  a  similar  purpose. 

In  examining  the  mitral,  the  operator  Bhould  not  forget  to  look  into 
the  valve  from  the  left  auricle.  It  is  in  this  way  that  the  best  view 
is  obtained  of  a  contracted  mitral,  and  frequently  a  crop  of  vegetations 
will  thus  be  discovered  which  otherwise  might  lie  passed  over  un- 
heeded. 

Measure  th^  ii:e  of  the  rentricular  cavity  from  the  liaae  of  the  aortic 
cosps  down  to  its  apex,  and  measure  alto  the  thickness  of  the  wail  at  it* 
thickest  and  at  its  thinnest  parta 

This  metliod  of  meaanring  the  vcntride  is  faulty  in  many  N«i)ecta,  but  «rfll  b« 
found  to  giro  •  fairly  accurate  idea  of  uiy  enlargement  or  diminution  in  tuu. 
A  ■mall  foot-rule  is  the  bat  means  of  measuring  both  it  and  the  thickness  of 
the  wall.  The  measurement  in  inches  may  be  supplemented  by  a  description  <>f  th« 
•ppesrancv  of  the  uavity — as  to  whether  it  bulgt-d  more  in  one  part  than  in 
another,  or  as  to  its  general  cafiacit}-.  Taken  together  the  two  methods  will  gire 
a  very  fair  idea  of  its  comlition.  Remember,  however,  that  the  size  of  the  cavity, 
Mpecially  a  very  small  cavity,  dopviiils  in  ]iart  u[M)n  whetlivr  the  heart  has  died  in  a 
state  of  8)°stolc  or  not,  and  may  not  nuceacuirily  be  an  index  of  diseoiic.  An  unusually 
laig«  cavity  is  always  the  result  of  disease. 

We  have  now  Hniehcd  the  examination  uf  the  whole  of  the  left  side, 
unless  the  auricle,  and  this  ought  next  to  be  described  as  to  capacity  and 
anything  else  that  may  be  found  amisa  with  \L  Unfortunately  there 
i*  no  ready  moans  of  judging  of  the  cnpncity  of  the  auricle,  and  hence 
•11  will  depend  on  the  operator's  experience. 

The  right  siflo  of  the  heart  has  as  yet  been  opened  only  by  th« 
V-9huj)ed  primary  inci.sion.  In  order  to  see  the  interior  of  the  ven- 
tiicle  properly,  as  well  as  the  state  of  the  valves,  it  is  necessary  to 
extend  this  incision  through  the  pulmonary  artery  orifice.  The 
orifices  on  this  side  have  already  been  measured  along  with  those  of 
the  loft,  a  precaution  that  is  necessary  in  case  the  pulmonary  artery 
should  1)6  wtitindcd  in  opening  the  aorta.  How  can  the  pulmonary 
artery  orifice  be  opened  so  as  to  cnt  between  two  cusps  7  The  rule 
is  vcf}'  simple  :  Holding  the  Iwnrl  in  the  hft  luirul,  cid  (is  cUtge  on  tlu: 
vrjiirinilar  septum  as  pnsanblf.  The  knife  is  pushed  through  the  orifice 
from  Ik'Iow.  its  edge  ia  turned  towards  the  septum,  and  it  is  then  cut 
out,  care  being  taken,  of  course,  that  the  septum  is  not  injured  in  divid- 
ing the  valve.  In  this  way,  as  in  the  case  of  the  left  side  of  the  heart, 
the  incision  into  the  valve  is  connected  with  that  which  was  primarily 
ma<le  into  the  ventricle,  and  so  a  continuous  flap  of  tissue  can  be  thrown 
back.  This  method  of  o[>euing  the  pulmonary  orifice  is  moreover  the 
best  to  employ  for  the  purpose  of  showing  the  interior  of  the  organ  aa  a 
muM<um  8i>ecimen. 

When  the  right  side  is  thus  laid  open,  begin  the  description  of  ito 
Ulterior  with  the  pulmonary  art«r>',  and  proceed  downwards.  Measure 
the  length  of  the  ventricle  from  the  base  of  the  cusps  of  the  pul- 
monary artery  to  the  apex  of  the  cavity,  and,  likcwiae,  the  thickneas 
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of  the  wall  at  its  thickest  and  thinnest  parts.     The  right  ventricle  is 
usually  a  little  larger  than  the  left  (see  Diseases  of  Heart). 

Lastly,  examine  the  auricle,  and  weigh  the  organ;  and  the  description 
u  completed  bo  far  as  naked-eye  features  are  concerned.  Remember 
that  the  heart,  unlike  other  organs,  must  not  be  weighed  at  the  com- 
mencement of  the  examination.  The  blood-clot  which  it  usually  con- 
tains would  vitiate  the  result. 

MienMOOpic   examination   of  tho    fibre   must    be   niadt?   in   all   cases   where  it 

rau  to  be  abnormal  ;  aud  in  cases  of  suddon  death,  especially  in  cases  which  are 

the  su)>iect  of  a  medioo-legal  inquiry,  it  is  safe,  even  where  the  tissue  seems  quite 

bealtiijr,  to  do  «o  aa  well.     Those  inexperienced  in  the  microscopic  exmninatian 

fef  tho  heart  fibre,   however,  should  be  very  careful  in  drawing  conclusions  from 

iBicroaropic  examination  alone  if  the  fibre  does  not  seem   to  be   altered    to    the 

eye.     This  should  specially  be  remembei'ed  when)  death  is  supposrid  to  have 

[been  due  to  fatty  degeneration  of  the  heart.     True  fatty  degeneratiuti  of  the  heart 

\  ia,  coDtmry  to  what  is  popalarly  supposed,  a  rare  disease.     In  the  healthiest  heart 

fibre  an  occasional  oil  globule  may  be  detected,  and  a  de^iosit  of  pigment  which 

ocean  in   nearly  every  adult   heart,   or  a  granularity  from   precipitation   of  Uie 

^albomin   of  the   fibre,  i.i  frequently  mistaken  for  fatty  degeneration.      None  of 

hoa  any  great  lethal  importance,  and  all  arc  incapable  of  being  detected  with 

Itta  naked  eye.     When  fatty  degeneration  does  occur,   of  such   magnitude  as  to 

I  s  fatal  result,  it  shows,  with  unaided  vision,  an  oumistakable  and  characteristic 

app«at«nce. 

The  inbject  is  folly  discussed  under  Diskases  or  tbe  Heabt. 
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fi.  The  Lung^. — These  are  lo  Ijo  examined  after  the  heiirt-  Cut 
oat  Ihe  left  one  fint^  and  if  adhesions  exist  iK'tn-ecn  the  pleunr, 
separiit«  tbcM  by  tearing  and  cutting.  Ik-giii  ut  the  upcx  and  pull 
downwards.  When  a  bilateral  organ  U  excised,  such  as  the  lung,  th« 
loft  une  should  be  laid  on  the  table  to  the  left  of  the  subject,  and  the 
right  to  the  right  It  is  well  also  to  remove  the  kft  organs  fint 
Weigh  each  before  it  is  touched  with  the  knife.  Examine  the  surface 
with  the  utmost  care,  and  afterwards  cut  into  the  organ  by  one  large 
incision  from  a{jcx  to  base.  Make  a  series  of  {)araliel  incisions,  but  in 
none  of  them  carry  the  knife  so  deep  as  to  completely  sever  tho  parts. 
Commence  the  description  of  the  interior  of  the  organ  at  the  apox. 

7.  The  Liver. — Having  finished  the  examination  of  tlie  heart 
and  lungs  wo  come  back  to  the  abdomen,  and  the  first  organ  to  be 
removed  here  is  the  liver.  In  removing  it,  incise  the  loft  half  of  tho 
diaphragm  as  far  back  as  the  spine,  and  detach  the  organ  from  the 
under  surface  of  the  diapliragm  by  cutting  through  the  falciform  liga- 
ment. Introduce  the  left  hand  behind  the  right  lobe,  and  push  the 
whole  organ  out  of  the  body  and  to  the  right  side,  until  it  comes  to 
hang  over  the  riba.  Then  sever  with  the  knife  the  attachments  to 
the  stomach  and  neighbouring  parts  as  well  a.s  the  bile  duct  and 
vessels.  In  cases  of  jaundice,  or  where  the  bile  duct  is  suspected  to 
be  occluded  or  altered  in  any  way,  first  examine  the  parts  in  titu 
and  aflerwartl^  remove  the  organ  witli  the  duodenum  and  the  open- 
ing of  the  common  duct  en  nuisse.  By  squeezing  the  gall  blmlder, 
the  bile  may  be  made  to  run  through  the  duct  into  the  bowel  if  no 
obstruction  exist  In  squeezing  out  tlie  bile  from  the  gall  bladder, 
catch  the  whole  viscus  in  the  palm  of  the  hand  and  compress  it 
equally  throughout,  otherwise  it  is  sometimes  difficult  to  make  the 
bile  flow.  Examine  the  colour  of  the  bile  and  slit  up  the  gall  bladder. 
Weigh  the  organ  and  record  everything  of  note  on  the  surface  before 
going  to  the  interior.     Of>en  it  by  a  series  of  cuts  from  side  to  side. 
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|and  note  the  amount  of  blood  that  escapes.     Wash  the  cut  surfaces, 
TMXid  proceed  to  their  examination. 

8.  The  Spleen  should  now  be  removed.  Its  vessels  and  other 
r«ttachmeuts  should  bo  cut,  not  torn,  and  a  single  inciaiou  in  its  long 
[Axis  will  usually  be  sufficient  to  ex]>ose  its  condition.  Like  other 
[organs,  it  should  be  weighed  immediately  after  reinova.1  from  tlie  body. 

9.  The  Kidneys  come  next  in  order,  the  left  first.  Remove  them 
I  by  making  a  large  cut  into  the  lumbar  ]jeritoueiim.      Pass  the  hand 

hi'liind  the  organ,  and  separate  the  surrounding  cullular  tissue.    Remove 
the  suprarenal  capsule  with  the  kidney.     It  can  be  readily  di-tached 
after  the  organ  has  been  got  out,  while,  if  left  in  the  aUlomen,  it  is  apt 
[to  be  injured  or  lost     Separate  the  surrounding  cellular  tissue  and  fat 
Irom  the  kidney,  and  weigh  it.     Open  by  a  single  long  incision  from 
^eud   to  end   through  the  convex  border,  carrying  the  incision  so  f;ir 
I  through  the  kidney  substance  that  the  mednllarj'  pyramids  are  com- 
pletely severed,  the    only  attachment    remaining    between    the    two 
halvM  being  the  tissue  of  the  pelvis.     If  a  partial  incision  is  made,  the 
OTf^  can  never  be  properly  examine-d.     Strip  otf  the  capsule  on  one 
ie  t'ither  partially  or  completfly.     It  is  usually  unnecessary  to  strip 
tt  o^  OD  hotii  sides,  and  it  is  advisable  to  leave  one  side  attached  for 
fultire  microscopic  examination.     Observe  the  shape,  size,  and  con- 
rnstence  of  tlie  organ,  and  the  extent  to  which  the  capsule  is  adherent 
I  in  th«  denuded  half.     Examine  the  surface,  its  colour  markings,  and 
[amountof  congestion,noting  particularly  whether  it  is  granular  or  smooth, 
or  whether  there  are  cysts  upon  it.    The  stellate  venous  radicles  on  the 
\  sorfaco  sometimes  become  very  apparent  from  congestion. 

Having  finished  the  surface,  come  to  the  interior,  and  observe,  firstly, 

if  there  is  any  marked  disproportion  in  size  between  the  cortex  and 

iolla.     If  a  straight  line  bo  drawn  from  the  surface  of  the  organ  to 

^tbe  apex  of  a  pyramid  tlirough  the   cortex  and  niedulln,  when   the 

kidney  is  laid  open  as  above  described,  the  medulla  will  be  found, 

aupposing  the  kidney  to  be  healthy,  to  occupy  three  parts  of  the  line, 

I  ihe  cortex  one.     In  other  words,  the  medulla  is  proportionally  ilirue 

as  large  as  the  cortex ;  and  this  prevails  not  only  in  the  adult^ 

It  also  in  the  child.     Of  course  it  must  be  remembered  that  the 

[boandary  of  the  cortex  where  it  abuts  upon  the  medulla  is  not  represcnt-ed 

by  a  single  uninterrupted  curve,  but  that  a  portion  of  the  former  dips 

iloim  between  each  two  medullary  cones.     The  cortex  is  in  reality  a 

cap  like  the  pileus  of  a  fungus.     It  often  hapjieng,  consequeutl}',  that 

lit!  Iar]ge  microscopic  preparations  a  piece  of  the  cortex  is  found  lying 

eraUy  with  the  bundles  of  straight  tubes.     What  is  referred  to 

ibove  is  the  proportional  size  of  the  cortex  and  medulla  from  the  apex 

[of  a  cone  to  the  surface  of  the  organ.     It  forms  a  very  fair  means  of 

rgaagiog   any  alteration   in    size.      .^Vs   the    actual   tliickness   of  the 

and  medulla  varies  so  much  in  different  individuals,  it  is  of 

ose  taking  the  measurements  in  fractions  of  an  inch.     The  rda- 

axe  of  the  one  to  the  other  is  of  much  more  importance,  and  can 
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inspected  to  make  sure  thftt  it  retains  its  natiinil  glossiness.  Caseous' 
tubercles  are  rarely  found  on  the  surface  of  the  pericardium  ;  for 
some  unox]i!aiued  reason  it  is,  of  all  the  serous  membranes,  the  least 
frequently  affected  with  tuberculosis.  Tlje  condition  of  the  coronary 
artnxrg  should  be  examine<l  in  all  cases.  Rupture  of  the  heart  by  no 
uieaus  infrequently  happens  from  fatty  degeneration  caused  by  calci- 
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fication  ut  I  he  coronary  arteries  following  upon  ■Uteromatous  endo- 
arteriitis.  The  muscular  fibre  becomes  fatty,  aoft«ns,  ftnd  under  some 
unusual  strain  gives  way,  the  e«capo  of  blood  in  most  cases  causing 
almost  immediate  death. 

Slit  the  coronary  vessels  open  witlj  a  probe-j>ointed  bistoury.  If 
tbey  are  healthy  they  should  have  a  bluish-])ink  tint  and  be  quite 
•mooth.  Any  other  features  of  note  on  the  surface  should  all  be  dili- 
gently reconled,  such  as  an  unusual  size  of  either  of  the  ventricles,  etc. 
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simultaneously  affected,  remove  the  kidneys,  ureters,  bladder,  and,  it 
may  be,  uretlira,  without  disconnecting  them.  The  exarainiUiori  can  be 
mnch  better  carried  on  out  of  the  body  than  withhi  it,  and  the  parts 
can,  moreover,  thus  be  preserved  entire  a.s  a  permanent  preparation, 
Slit  the  ureters  open  along  their  course,  and  notice  whether  the  mucous 
membrane  is  congested  or  not,  and  whether  there  is  iiriy  cntarrhiil 
discharge  within  them. 

11.  The  Bladder. — It  is  advisable  to  remove  the  bladder  along 
with  the  otlier  pelvic  organs.  Cut  through  the  peritoiieiiin  a  little 
above  the  brim  of  the  pelvis,  and,  introtlucing  the  hand  behind  it,  tear 
a8un<ler  the  loose  cellular  pelvic  tissue.  Cut  across  the  urethra  and 
corpus  s{x>ngiosum  a  little  beyond  the  prostatic  part,  and  remove  the 
vagina  and  rectum  by  un  incision  a  short  distance  intenial  to  the 
vestibulum  and  anus.  Tear  out  eventhing  in  front  of  the  curve  of 
the  wcrum,  and  cut  off  the  peritoneum  and  attachments  of  muscles 
higher  up. 

If  for  any  reason  it  is  desirable  to  collect  the  urine,  as,  fur  instance, 
in  a  case  vrhore  poisoning  is  suspected,  draw  it  otT  with  a  catheter 
before  commencing  the  ins|)ection. 

Open  the  bladder  by  an  incision  in  front.  Examine  the  mucous 
membrane  with  great  care  for  congestion,  abrasions,  or  a  catarrhal  con- 
dition, and  observe  the  character  of  the  urine  that  may  be  contained 
within  it.  Cut  through  tke  prodale,  and  notice  its  size  and  texture. 
Squeeze  it,  and  see  whether  secretion  of  any  kind  comes  out  of  the 
dncta  It  is  sometimes  advisable  to  remove  the  testicles  in  connection 
with  the  entire  urinary  organs. 

V2.  Supra-renal  Capsules. — Bo  careful  not  to  omit  the  exam- 
ination of  these  in  ull  cases  ;  they  are  apt  to  l>e  forgotten.  Naked-eye 
examination,  unfortunately,  yields  little  definite  information  as  to 
their  condition,  unless  some  very  gross  disease  be  present,  and  hence, 
M  often  as  possible,  the  microscope  shoiUd  l>e  called  in  to  assist.  It 
gair«6  a  good  deal  of  experience  to  be  able  to  say  even  with  the 
when  they  are  morbid,  or  rather,  wheu  the}'  arc  healthy. 

13.  The  CEsophag^US  cannot  be  well  e.xamined  until  the  larger 
thoracic  viscera  have  been  excised.  Its  diameter  slioulil  lie  taken 
with  the  cones  at  different  parts,  and  it  is  to  be  slit  up  with  a  pair  of 
intestine  scissors.  It  is  well  to  retain  it  in  connection  with  the  stomach. 
Notice  the  state  of  the  mucous  membrane,  and  in  cases  of  spasmodic 
ftricturc  examine  it  very  carefully  for  small  follicular  ulcers.  They 
•re  sometimes  the  cause  of  extreme  dysphagia. 

14.  The  Stomach  and  Intestines  should  be  removed  in  cases 
of  death  by  jjoisoning  before  any  other  organ,  care  being  taken  to 
iig»tur«  th«  lower  end  of  the  cesophagus  and  upper  part  of  the  duodenum. 
Under  such  circumstances  (indc(Kl  under  any  circumstances)  the  stomach 
■honld  not  be  opened  in  gitu.  No  object  is  gained  thereby,  unless 
where  an  nicer  has  become  adherent  to  the  liver  or  other  viscus ;  and, 
•ren  here,  there  ia  no  cedent  reason  why  the  stomach  should  not 
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first  l)c  removed.      If  it  be  adherent  to  other  viscera,  remove  tlic 
whole  rn  imis.ie  itnd  examine  the  i>art8  when  they  are  spread  oat  on 
II  convenient  surface.     Tliey  should  of  course  hnvo  Iwcn  previomlyj 
dcscriVied  as  they  lay  in  |ioi;ition. 

When'  a  ihthou  i»  Ni)N|ie<icit  in  Imvc  <lk'il  from  |>oisoii,  the  niPt)io<l  of  removal  of 
the  ittoniarh  and  (lii«il<'nuni,  or  it  may  W  the  whole  intestine,  in  of  iirimarj*  import- 
nnoe,  iiml  Uio  njieifitor  shouM  ntt'-ml  to  the  following  |ioitit!< : — {n)  Pass  •  Hmihtf 
piwe  of  waxeil  strong  twine  toiuuI  the  npp«T  jwrt  of  the  jilmrynx.  Tie  it  in  iterenil 
knots,  twist  it  agnin  roiiinl  the  plmryiw,  Aiiil  lie  a  weomi  tiiiie.  Leave  a  long  cml. 
Ml  that  there  in  no  ilaiiger  of  the  knot  eotning  loone,  (/<)  Lignturr  the  lower  end 
of  the  ilniHlennni  in  the  iuinie  way.  (r)  Kcmovc  the  ceaophagu!),  stomach,  a)i>l  *luu- 
ileniini,  having  previously  ligatured  the  intvatine,  (</)  Procure  a  iHrfeclly  <lmin 
\vidc>Mioutlic(l  butth'  uhii'h  ha-s  not.  Ihtii  pivriouHly  ufMsl  for  any  ptu|HMe.  Cut  the 
■Inudenal  ligature,  and  place  the  enil  of  the  duodenum  in  the  Inttlc.  Raiw  the 
ie»oph.ign!>  gently  and  allow  the  wliole  i.-ontentH  to  flow  into  the  lK>tlle.  (#)  Put  ihe 
jttomach  and  ntla<?hc<l  jtart*  into  a  second  iMtttlc 

Cnt  the  canliac  ligatinx  and  open  the  lesser  curvature  of  the  oi 
by  an  incision  about  3  inches  long.     Introduce  a  cone,  ami  measu: 
the  two  orifices.    Complete  the  incision  in  the  lesser  curvature  liy  con- 
necting it  to  the  cpsophagus  on  the  onu  hand,  and  to  the  duodenum  on 
tlie  other,  so  that  the  or^an  is  laid  0]>en  from  duodenum  to  ceeophagus 
along  the  lesser  curvature.     Look  over  the  mucous  membrane,  nottni; 
the  amount  nf  blood  within  it,  the  colour  of  congested  parts,  erosions, 
ulcers,  or  any  other  appearances  which  seem  to  be  abnormal.     If  there 
is  any  unusual  colour,  destrilx'  this  with  care.     A  dark  slate  colour  or 
a  black  precipitate  is  usually  diu-  to  the  patient  havin;;  taken  sotM^H 
metallic  i:nm|Miun(l,  medicinally  or  utherwise,  which  is  decomposed  bj^B 
sulphuretted  hydrogeiu     Grasp  the  pyloric  ring  and  feci  whether  it  ia 
in  any  way  indurated  or  otherwise  nJterod. 

After  carefully  noticing  the  condition  of  the  omentum  and  mcnen- 
tery  while  the  intestine  is  still  attached  to  the  latter,  rfinorr  Ihf  in- 
tf»tiuf  with  the  sectio  knife  by  seizing  the  most  prominent  loop 
(any  loop),  and  cutting  off  the  mesentery  close  up  to  its  insertion.  Do 
not  leave  portions  of  the  mesentery  mlherent,  as  they  throw  the  in- 
testine into  coils  when  it  is  being  washed  out,  and  prevent  its  boing 
OMily  o})ened  with  the  bowel  scissors.  Detach  the  small  from  tho 
Itl^  intestine  alKiut  1  foot  above  the  ileo-e<»lic  valve. 

In  typhoid  ffver  it  not  iiifre<juently  happejis  that  the  lowest  Peyer's 
patch  ix  the  enlarge<l  and  ulcerated  one,  and  hence  if  the  sniAll  in- 
testine is  i-iit  off  iinmetiiately  alcove  the  valve  this  is  apt  to  be  destroyetl. 
Waah  out  the  contents  of  the  intestine  by  attaching  the  liowel  to  a 
water  tap,  and  notice  the  colonr,  consistence,  etc.,  of  the  fanstl  matter. 
Lay  the  liowel  open  with  the  bowel  scissors  while  water  is  mnni 
thrriugh  it,  pulling  the  intestine  against  the  scissors  and  not  ptishi 
the  scis-sor*  into  the  intestine.  Cut  on  tlie  mesenteric  side,  as  it  is 
not  desirabh*  to  wound  the  Pcyer's  piiichoe  which  lie  opposite'. 

Always  Iiegin  the  examination  of  the  mucous  rocmbnin«  at  th^ 
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U{>|ji'r  end,  noting  the  colour,  amount  of  Wood,  enlargement  of  the 
Doliiary  follicles  or  of  Peyer's  patches,  etc.  If  there  is  any  suspicion  of 
waxy  disense,  treat  the  mucous  memlirane  with  iodine  solutiou.  There 
ii  no  naked-eye  sign  by  whicli  the  waxy  intestine  can  be  detected,  and 
hence  the  necessity  of  applying  iodine  to  it  more  frequently  even  than 
to  other  organa.  The  aarae  niJes  hold  goixl  for  the  examination  of  the 
larg«  intestine  as  for  that  of  the  small. 

1  "i.  The  Mesenteric  and  Prevertebral  Lymphatic  Glands 
■houl'l  be  examined  along  with  the  mesentery. 

16.  The  Pancreas  is  so  seldom  diseased  that  its  examination  is 
freqaently  neglected.  In  a  carefully-conducted  examination  this  should 
not  be  so,  and  the  best  time  to  remove  it  is  after  the  intestine.  The 
dDo<Ienum  should  have  been  pren'ously  cither  detached  nr,  if  the  pan- 
creatic duct  is  to  be  inspected,  it  may  still  \h-  kept  in  it.s  natural 
{•osition.  Tlie  commonest  <lisease  of  this  viscus  is  cancer,  situated  in 
the  head,  and  either  primary  or  secondary  to  a  jjrimary  cancer  of  the 
ffeomach. 

1 7.  The  Semilunar  Gangrlia  have  been  the  subject  of  examina- 
tion in  diseases  of  obscure  origin  moie  of  recent  yeai-s  than  formerly. 
Seeing  that  they  are  so  closely  connected  with  the  nervous  supply  of 
the  abdominal  viscera,  it  might  be  expected  n  p)i»ri  that  they  would 
be  fre^juently  diseased.  Their  examination,  however,  so  far  as  it  has 
gone,  has  proved  somewhat  unsatisfactory.  The  coeliuc  axis  is  the 
guide  to  their  position. 

18.  Aorta  and  Vena  Cava.  —  It  is  unnewssaaiy  to  detail  at 
greater  length  the  rules  to  lie  followed  in  examining  other  parts  nf  th<' 
thoracic  and  abdominal  cavities,  further  than  to  remind  the  opeiator 
to  remove  the  whole  aorta  and  iliac  arteries  after  the  other  aMominal 
and  thoracic  viscera  have  been  taken  out.  Where  the  person  has  died 
from  asphyxia,  examine  the  ascending  vena  cava  before  any  of  the 
other  alxlominal  viscera  have  been  touched,  and  before  the  heart  has 

en  removeiL     It  looks  like  a  large  blue  coloured  sausage  in  such 
from  the  Large  quantity  of  bloml  within  it. 

19.  In  typhoid  fever  lut  vito  Ihc  tuUurior  imiscks  of  Ihf  lliif/h  (uul 
tte  /ill  miiscU,i  ';/  llir  iiMominui  wv///.  They  assume  a  jiecidiar  pallor 
doe  to  a  colloid  change  in  the  sarcons  substance  (Zenker  No.  2).  The 
moMalar  ti&sue  of  the  diaphragm  should  likewise  Im)  examined  in  this 
iKwaie,  as  it  also  suffers,  although  in  a  minor  degree,  from  the  colloid 
liqpMiftnitioii. 

30.  Mouth,  Larynx,  and  Pharynx. — Notice  the  condition  of 
tlw  gmna  and  teeth,  and  whether  there  is  any  alteration  of  the  tongue 
Mck  aa  the  protnision  in  myxcodema,  or  lymphaiigeioiuatous  macro- 
doanjL  Remove  the  tongue,  larj-nx,  and  trachea  together  in  the  follow 
mg  manner  : — Extend  the  primary  incision  along  the  front  of  the  body 
a|i  to  tbo  chin.  It  nre^l  not  pass  into  the  face  as  this  leaves  an  un- 
■iglitly  mark.  Cut  off  the  attachments  of  the  muscles  to  the  inner 
Bt  of  tit<^  lower  jaw,  dividing  the  mucous  membrane  at  the  same 
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time.  Pass  the  forefinger  into  the  mouth  and  draw  tlie  tongue  down- 
wards, and,  while  doing  so,  divide  the  pharyngeul  muscles  and  separate 
all  attachments  l^ack  to  the  spine  nhd  as  far  down  as  the  ))ifurc&tion  of 
the  trachea.  The  fpsophagus,  if  not  previously  reiuoved  with  ibo 
stomach,  ought  to  be  taken  out  in  its  entire  length  along  with  th«' 
other  parts.  Examine  the  larynx  an«I  pharynx  for  foreign  ho<lie«.  Ser 
whether  the  true  vocal  cords  close  properly,  or  whether  they  are 
ulcerated,  tubercular,  cedematous,  or  covered  with  a  croupous  mem- 
brane. Slit  open  the  larjnx  posteriorly,  and  continue  the  inciuon 
down  through  the  trachea  and  primary  bronclii.  Notice  the  condition 
of  the  mucous  membr.ine  as  regards  congestion,  false  mcrabrane*, 
tubercles,  etc. 

In  all  medico-legal  cases  the  larynx  should  be  examined  even  where 
the  cau8«  of  death  seems  to  be  apparent,  and  iu  cases  of  imexplainod 
sudden  death  it  would  be  an  unpardonable  oversight  to  omit  doing  (o 
in  any  examination,  whether  of  a  forensic  nature  or  not. 

21.  Examination  of  the  Head. — A  question  from  the  medical 
jurist's  point  of  view  comes  to  be  whether  the  brain  ought  to  be 
examined  before  the  heart  or  tiV/=  msii.  Can  anj'  alteration  Ins  caused 
in  the  amount  of  blood  in  either  organ  by  removing  the  one  before 
the  other  ?  Medico-legal  ex|)erts  seem  to  differ  in  tlieir  opinion  on 
this  subject,  and  hence,  in  order  to  err  on  the  safe  side,  it  is  expedient 
to  expose  both  organs,  and  to  examine  them  simultaneously  in  reference 
to  the  amount  of  blood  within  them.  The  cranial  cavity  being  air- 
tight, and  the  exterior  being  sufficiently  rigid  to  be  tininfluencpd  by 
atmospheric  pressure,  it  would  only  be  after  the  calvaria  is  removwl 
that  the  vessels  could  i>ossibly  lose  any  quantity  of  blood.  The  removal 
of  the  heart  probably  does  not  make  much  difference  in  the  amount 
of  distension  of  tlie  blood-vessels  of  the  brain  and  its  sinuses,  but  in 
order  to  avoid  any  legal  quibble  which  might  arise  upon  the  supposed 
[wssibiliiy  of  such  occurring,  the  recommendation  to  display  both  organs 
before  cutting  into  them  seems  to  be  wise.  The  heart  ought  to  be 
exposed  tirst,  aa  it  might  be  argued  that  the  removal  of  the  rigid  skull- 
eap  previous  to  the  examination  of  the  heart  allowed  some  of  thr 
cerebral  IiIocmI  to  regurgitate. 

T%e  tealp  hut  nf  ronrae  boon  pxitniiuc<l  fur  any  iiign  of  k  »nun<l,  liruiar,  tumoar, 
«kiu  crnption,  etc,  l>pfore  commnicinK  the  intonisl  cxiuiiiiiiition.  An  inclnion  is 
nnt  iiisdr  from  rnr  to  ear  through  all  the  soft  |Nirta,  llic  lieail  liring  tupix'irtrd  by  a 
Mock  placod  under  thr  neck.  The  two  flaps  thus  ina]i]i(>d  out  an*  rt<l1ertnl  no  a«  to 
]«•?«  clear  room  fur  tliv  working  "f  the  mw.  Tbr  temporal  uiiwlra  nhould  h» 
•crapml  from  the  honn  or  an  inctiuon  lie  made  throngh  them  at  the  point  whore  th* 
■aw  is  to  be  a]iplicd,  and  thin  inriMon  ahould  tiv  i-arried  circularly  round  the  «hoh 
periuraniuni  «>  a>  to  li-ave  the  bone  free.  An  luwistanl  now  holds  the  head,  bia 
handa  b«ing  pmtot-U-d  by  a  iitn>nf{  towel,  and  the  ouI'T  pUto  of  the  »kuU  i«  wwv 
through.  The  inciiiiou  should  not  go  drc|)er,  as  otherwise  the  sod  parta  an  aunr 
to  be  injured.  In  niediro-legal  raneii  where  some  injury  to  the  bead  >a  aoapvCtM), 
an  •xMption  u  inaiio  t<i  thlit  nilr.  It  is  injudicioiia  to  lue  n  mallet  niuier  such 
oiKumatancea,  aD<l  henoe  the  whole  depth  of  the  skull-cnp  must  be  cut  throngh. 
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la  ordinary  auen,  liowrver.  tlii;  outer  jtkte  aloiii'  is  to  In-  <lividi-i],  anil  the  remaining 
deep  plate  oh.i[>pe<i  off  with  the  cliiwl  and  mallet.  The  blniit  hook  descrilied  under 
A*  amam^ntariiim  (.Sri.'i,  1)  is  very  uwl'ul  in  catching  hold  of  the  KkuUca)!  and 
(Inggiug  it  off  whi'r«  the  untploynir-nt  or  a  mallut  U  iuadvisuble.  If  the  diuii  itmtor 
ia  ao  adherent  us  to  prevent  it  from  being  drugged  from  the  l>one,  it  ghunid  he  eut  all 
milid,  and  left  attachni  to  the  skull-ea]).  As  a  rule,  hnwever,  there  h  not  inui'li  difll- 
cultf  in  removing  it  Cut  it  round  with  the  probe- pointed  bistoury,  after  examining 
the  surface  and  noting  the  state  of  the  skull-cap  and  uieningenl  vessels.  Cut  through 
Ihr  falx  interiorly,  hut  do  not  romove  it  from  the  longitudinal  sinus,  because,  if  the 
Itrain  has  to  lie  injected  with  a  hardening  fluid,  this  is  apt  to  disturb  the  vessuls. 
Exjuuinc  the  expoKd  surfaa*  of  the  brain.  Cut  the  nerves  with  scissors,  and 
runorc  aa  much  of  the  iutemal  carotid  artery  as  po8siV)lv.  Kun  the  probe-pointed 
iMtoarjr  tlu-ongh  the  tentorium  cerobelli  on  each  side  so  as  to  liberate  the  cere- 
lidhuo.  Cut  the  spinal  cord  acrosH  through  the  foranieu  magnum  as  low  down  and 
•■  aaarly  tnnaversely  as  pusaible  ;  divide  the  vertebral  arteries  ;  insert  the  foro- 
fingcT  into  the  foramen  and  withdraw  the  medulla.  La-stly,  divide  the  remainder  of 
tUe  dura  mater  at  the  torculnr  after  the  brain  1ms  been  removed  from  the  cranial 
tsrity.  Place  the  organ  on  some  convenient  8U]>port,  such  as  a  hollow  dish,  the 
aknll-cap  itself,  or  a  folded  towel,  and  before  proceeding  to  its  description  inspect 
tbx  imtK  of  the  skull.  If  a  fnieture  is  MUS|iectcd,  remove  the  dura  mater  with  the 
diiael.  Be  careful  not  to  mistake  a  mere  vascular  imprtH-<iion  on  the  bone  for  a 
rrmeiurn.     Lay  u|«n  the  chief  siuusvs. 

Keturning  to  the  brain  itself,  the  pathologist  miist  settle  irj  Ids 
nd  whether  the  organ  is  to  be  cut  into  at  present,  or  whether  it  is 
St  to  be  hardened. 

In  all  inifiortant  nervous  cases  where  a  ty|>icnl  lesion  is  Bus{)ccted,  certainly 
kariat  U  Jint.  As  this  takes  from  six  weeks  to  two  or  three  ruonths  to  accom- 
pUAb,  it  naturally  requires  considerable  self-denial  to  rei»i»t  the  teuiptatioii  of 
iarasti^attug  the  cause  of  the  disease  there  and  then.  If  the  |ihysiciiiii  in  charge  of 
llkB  case  cjiu  be  pursnad«d  tij  forego  this  temptation,  tin*  (e.'tult  will  be  antple  recom- 
IMHA,*  The  a<!va])tac;«s  of  pursuing  this  course  are  tlif  foUom'ng  i— (1)  The  organ 
la  l»  lOjch  a  firm  tough  condition  that  it  can  Iw  handled  witti  iuipiiiiity.  (2)  When 
sat  into,  the  exposc<l  surface  is  beautifully  defined  on  account  of  tlif  grey  and  white 
Wingaa  sharply  sejMiated.  (3)  All  the  sections  can  U-  kept  as  (lermaneut  prepara- 
timm.  (*)  It  is  etiually  useful  for  uaked-cye  or  for  microscopic  work.  (5)  Any  lesion 
CMHitig  aoftvuing  is  far  more  distinctly  demarcated  than  in  the  fresh  state  on  account 
«f  th*  softeniil  tis^tue  being  fixed. 

It  b  only  by  hardening  the  organ  before  incising  it  that  we  itliall  ever  make  any 
fn^ntt  ill  till'  accurate  localisation  of  lesions  in  important  nervous  cases.  What 
coold  be  more  indefinite  than  the  usual  description  of  the  localities  in  which  lesions 
of  t}M  brain  are  situated  I  In  the  majority  of  cases,  the  reports  are  untrustworthy,  a 
■dilbrttuie  that  can  in  great  part  1>e  avoided  by  hardening  the  organ  in  the  manner 
iVUMimmded.  It  most  lx>  borne  in  mind  that  ft.t  the  Miiller's  fluid  employed  in 
batduung  has  to  be  injected  from  the  two  carotids  and  the  one  vertebral,  tlicse 
VMada  moat  be  got  nut  with  as  little  injury,  and  as  long,  as  possible. 

If  it  (m  a  cas>-  of  no  jiarticular  clinical  interest,  cut  into  the  organ  at  once  ;  it  is 
Mt  BfCMMUy  to  harden  it.  Before  doing  so,  however,  remember  to  weigh  it,  and  to 
•aatilM  the  snrfooe.  Look  carefully  over  the  i-cgions  of  the  iMise,  the  Sylvian  fossa', 
Ika  oppar  and  lower  surfaces  of  the  cerebellum,  and  the  Assure  of  Rolando  for  the 
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]irf«uuci!  uf  tubci\'lu»  or  fur  cvidoiiee  of  iiioiiiugitis.  Tc«r  o|n;ii  IIh'  Sylviui  (tMoi*, 
»ili|  I'ollow  llici  i-uursv  n(  the  luidJIe  iiuMiiiigual  aitery.  l>ti  not  mUukc  Ibc 
IV'liioui's  gnitiiilAtiiiiiJ)  hi  llie  vurtcx  lur  tulidvli'tj.'  Nutv  tlia  |ireH3iL«  of  trof 
lokioii  ruUtivcly  tu  the  i.-i>iivolutii)ii»  ur  to  other  imiimi  slructurca.  lleaaun 
MllHirlicics  and  depth  of  all  leMioni>. 

In  former  times  tlic  biiun  uaad  to  bu  opened  l>y  \'ircbow's  method. 
that  is  to  say,  by  a  M!rics  uf  fore-and-aft  .<s«ctioiis  ej^siiig  tlir 
ventricles  und  medullary  buhstance  without  detaching  any  of  th« 
}mrt8.  Nothing  could  bo  better  than  this  methvKl  for  displajrtnga 
gross  lesion  in  the  basal  ;^anglia  or  ventricle,  such  as  a  reoci| 
haemorrhage.  Still,  it  is  fmiight  with  many  disadvantages  when  our 
object  is  to  localise  a  small  and,  it  may  l>e,  ii  somewhat  indefinite 
lesion.  F'liitber,  if  the  parts  are  to  l>e  afterwards  employed  for 
microscopic  examination,  the  continuity  of  one  segment  with  the  other 
iH-'comes  uncertain.  It  is  therefore  preferable  to  open  it  by  a  senea 
of  pei-])«u<licular  slices.  This  latter  method  is  also  superior  to  the 
former  in  the  fact  that  as  the  relationship  of  the  capsules  and  bual 
ganglia  is  retained,  the  segments,  if  thought  fit,  can  bo  preaerved 
permanent  prepar.itiuns.  The  old  system  in  the  Iviinburgh  Infii 
used  to  bo  that  of  removing  tlio  organ  in  horizont-al  slices  while  it 
still  lay  in  the  skull,  and,  in  many  respects,  it  was  excellent.  The 
IfTKii  idtiil  of  a  method  for  ex|X)8ing  a  lesion  is  an  imposaibld  unc, 
namely,  tliat  of  tilicing  the  orgiui  both  |>eri)endicularly  iind  horizontiiUy. 

Where  are  the  incisions  to  be  made  ?  Pitres  (No.  3 ;  and  No.  4, 
iv.  1877,  p.  245)  gives  the  following  directions  for  making  f>eqjrn 
dicular  transverse  sections  calculated  to  cx])osc  the  moi>t  importaut 
{tai'ta.  He  calls  each  incision  by  a  special  name,  according  to  the 
locality  in  which  it  lies. 

Beginning  in  front,  the  (ii'st  runs  through  the  prefrontal  rc^on,  ur 
that  part  of  the  organ  anterior  to  the  motor  centres,  and  u  known  ju» 
the prr/nmltJ  sntiim.  Tlie  second  cuts  the  bases  of  the  first,  second,  and 
thin!  frontal  convolutions,  and  is  located  two  centimetres  anterior  to 
the  tissura  of  Koltindo.  It  goes  by  the  name  of  the  pctliinculih/nrntiU 
teclum.  The  third  ho  names  the  /run/u/,  dividing  as  it  does  the  ascend- 
ing frontal  convt>hition,  jwrallel  or  nearly  so  with  the  fissure  of  Kolando. 
The  fourth,  orjmiul'il  sniwn,  bisects  the  aaceiiding  |>arietal  convolution. 
The  fifth  is  the  iialuiuulojHirirliii  sfdkm,  situated  three  centimetres  bo- 
hind  the  fitisure  of  lioliuulo.  The  sixth  and  most  p<j»terior  of  all  is  the 
irtijAkil,  cutting  across  the  occipitid  lobe. 

Although  this  system  is  a  st«p  in  the  right  diix'ctiuii,  yet,  in 
making  the  sections,  it  will  1>e  foiuid  that  they  do  not  always  expose 
the  same  parts.  The  reason  nf  thi.'«  is  that  what  is  seen  entirely 
de|K'ii(bi  u|>ou  how  tlie  brain  is  lying  at  the  time  it  is  opened,  for 
altliough  the  fissure  of  liolando  may  Ik>  taken  as  a  sUtndard  of 
direction,  yet  in  making  the  sections  behind  this  the  brain  is  very  apt 

'  Ttih  niUt«]iv  «rai>  rriilriilly  mails  in  a  ooiDpatmiivcly  meat  frimiaal  cMc,  alul 
il  to  defeat  tiiv  miU  of  jiutlee. 
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to  gel  nii>-|>liu;fi.l,  anJ  the  direction  ot"  the  incisimi.  atid,  coiisciiucutly, 
the  part8  ex|)08e(l,  will  natunilly  vaiy.  As  thusu  suctions,  mureover, 
run  paralltil  with  the  fissure  of  Rolandu,  it  \h  raz.xnU&t  that  they  cannot 
'w  i»crpcndicular.  Bolides  this,  the  cerebral  pednnclts  are  cut  per- 
(lendiciilarly  or  obliijutdy,  wliereas  it  xvill  bu  admitted  that  ;v  much 
better  view  of  these  is  oljtained  when  the}'  ai  e  transversely  incitied. 

The  first  procedure  whicli  ought  to  Iw  ado[)ted  in  order  to  avoid  these 
objections  i(s  to  remove  the  pons,  cerebellum,  and  medulla  by  u  cross 
iiiciuion  through  tlie  middle  of  the  crura  cerebri  cutting  atniight  baclt- 
wanls  into  the  8ul)stantia  nigra  and  anterior  corpora  iiuadrigeminu, 
juid  thus  detacfaitig  the  pons  and  medulla  fron>  the  other  portions  of  the 
bnin.  A  progresssive  series  of  transver.se  incisions  i^  now  eairied 
throughout  the  pons  and  medulla  each  about  orie-ei|^htli  of  an  inch 
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Urick.     Tile  segment*  biiould  i     detached  from  the  pia  mater,  if 

xible,  but  left  connected  and  in  sequence,  so  that  they  can  bo  readily 
Eplacoil.  The)'  may  be  employed  for  ndcroscopic  exaniinatiuu  after- 
tlji,  for  which  purpose  longitudinal  or  obliijue  sections  are  almost 
u<iele«.<«w 

A»  just  said,  unless  the  brain  is  tixetl  in  one  constant  jioKition,  |>cr- 
jMiidicular  sections  will  always  vary  in  what  they  show.  Kven  in  the 
moftt  accurately  made  sections  of  two  brains  the  exposed  parta  are 
never  always  <|uite  alike,  although  the  groat  landmark.s  may  be  the 
in  botli.  The  method  to  adopt  in  order  to  fix  the  organ  in 
definite  position  is  to  lay  it,  vertex  downwards,  ftUh  Ihr  lijia  of 
t  oceipilal  nnrl  fronfoi  reffi'in.>i  in  oiu-  horizonUtl  linr,  The  organ  should  be 
plMiMd  U|>on  a  tioard,  m  it  is  easier  to  cut  on  this  tiiau  on  any  other 
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surface.      The  iiumlier  of   incisions,  and  where   they  ought  Ut  pu* 
tlirough,  depend   very   much    on  what   parta  one  want«    to    expot*. 
For  ordinary  purposes,   however,  the  brain  may  bo   alic«d   Uirf-;.-'- 
the  following  seven  localities.      It  will  be  found   that  the  »« > 
thus  made  expose  the  parts  of  greatest  itnjx>rluiict?.' 

Section  I.  (see  Fig.  5)  runs  through  the  anterior  half  of  the 
third  frontal  convolution  and  exposes  Uie  tracts.*  %Hternu».  nudnif, 
and  /-j/o  jiuji  (seen  on  left  stile),  and  the  oval-shrijjed  area  (seen  on  the 
right") 

.*H'ction  II.  (ki'c  Fig.  (!)  runs  through  the  tip  of  the  temporo- 
sphenoidal  lobe  and  operculum.  It  m1i()\v.s  the  Ui-mU  ..f  ih« 
emulatf  nvd  Ifnlirulnr  wi/c/W  with  the  inner  mp^'!    -r],:n  i'  i  ;  them,  tb« 
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uland  of  llril  and  ruuumtd  whiU  stilslutur  belonging  to  it,  the  cor^ 
eailotum  and  afj'tHm  haimn,  with  tho  ^/th  vmlrirlf.     The  figure  also 
diaplays  vnt  of  the  muh  of  vrvfin  of  thr  dfacivry,  and  the  nippltMkf  proeat 
of  gnxy  mnUer  to  which  the  olfactory  tract  becomes  attiiched  in  thcsidcua 
olfactoriiis.    Tho  letnjti/ro-fphtnovlal  lobe  is  still  disjoined  at  this  level  frou 
the  rv«t  of  the  brain. 

Section  III.  (MX  Fig.  7)  i&  made  immediately  in  front  of  the 

'  Til*  ■ocanituuying  6(ranr«  ii(  tlio  |i«rt«  Nren  to  tboM  MK-tiuuo  w«n:  'linwn  (mm  pi 
(MtfatiMu  Diwli'  by  Ibv  AuUior'*  geUlin«-poU*h  iii«tliiMl.  Tlicy  wen-  nil  lr»<r(l  U|i< 
ftlallniifd  glu*  from  Ui<^  impuiUiom  Umiiaetvm,  ami  ran  )w  trlieil  u|hid  »*  foiUif 
nrprwaatatloiu. 

'  Tnr  ripUiwtUili  of  Uicm  tanu>,  are  authur'i  (laiicr  ou  the  "CorjiUa  Colloattto  I 
lb*  AilulU"  in  Iha  JmirmU  ^  Amatom^  ami  Pkynoluify   voL  six. 
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optic  chiasma.     It  cuts  through  the  Umjn/ro-xphcmidal  hbc  shortly 
iiltr  it  has  joineil  with  the  rest  of  tlie  brain.     It  exposes  the  head  of 
the  mmUtU  nufleux  and  two  divisions  of  the  lenlkular  nucleus,  the  corpus 
(oflbntm,  uplum  lucidum,  and  Ji/th   veidiide.      The  front  part  of   the 
tateriar  eomtaitaure  is  also  brought  into  view.     The  three  inois  of  the 
are  shown  pussiug  respectively  upwards,  inwards,  and  out- 
Section  IV.  (see  Fig.  8)  runs  through  the  infundibulum.    It 
obliquely  across  the  Jird  J'nyntal  and  artcfudvu]  fronUd  conialtiliom, 
and  the  Ifjnporo-spheiundal lobe.     It  exposes  the  tn'uUUe  part  of  thr  caudate 
mmclau,  the  aHlei-iof  nudais  of  tlit  lMlamu.%  and  adjacent  knet  of  the  inner 
c^nde  in  which  it  lies  imbedded.     The  Ihret  divisionn  of  thg  kvtiitilar 
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»ef>  now  brought  into  view  with  the  two  str'un  tutduUara  sepa- 
m*  ■:.  and  even  a  fourth  division  of  the  ganglion  is  visible.    Be- 

luga iitemal  and  middle  divisions  of  the  lenticular  nucleus  is  the 

mbdtuUut  mnominata  of  lidl,  composed  of  its  three  layers  (Meyn«nt), 
named  re8|)ectively  from  above  downwurd-s,  the  Icniicidur  nucleus  loop, 
the  latfrr  of  (fray  nuittrr  ffii'iiu/  /•«<  to  the  jtostcrior  hngilvdinai  handle,  and 
tho  lower  itedurwlr  if  thr  thalumua.  Beneath  the  external  segment  of 
the  lenticular  nucleus  is  ihe  anUrior  commismtri;  passing  obliquely  out- 
warde  into  the  temponvsphenoidal  lube  ;  while  outside  of  the  external 
•egmenl  of  the  lenticular  nucleus  are  the  mUer  ctpxidc,  cJaiHtlriim,  white 
stJ^inc^  of  the  ialaiui,  and  the  idatul  of  Rril  itself.  Passing  to  the  parts 
in  the  middle  line,  tiiey  are  seen  to  be  from  above  downwards,  tho  first 
frordal  ctmwlutuji),  tlie  ijifnis,  forniatlm,  ayrpus cdlosum,  and  septum hiciduin, 
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with  the  ratumts  i>f  tJir  jijVi  vcnhicJ'  within  it.  On  either  side  of  the 
vcptuni  lucidnm  is  (Iw  Inkrul  vetUride,  with  the  foiarneii  of  Mourn  piissiiig 
downwards  to  the  Ihird  rriUrkk,  which,  it  will  Ikj  seen,  is  u  mere  uarrow 
Jit  Siirrouinlin^'  the  thiril  ventricle  and  fonuing  its  wall,  is  the  so-tailed 
ymy  mtigUmrc  of  tJu  rridrklr  with  the  furnix  imbedded  in  its  substance. 
Cuming  still  farther  down,  tliia  gray  fiiilwtaucf  merges  into  the  /h/xc 
einerettm  and  pituitiiij  lnnlij.  At  each  siiic  of  the  tuber  is  the  iijilic  Imd, 
cut  obliquely  from  it«  slanting  position  in  mnning  buckwaids,  and  out- 
side of  this  again  is  the  anlerurr  perfmakd  .^wo-f.  On  the  inner  aspect 
of  the  tero]M)ro-»phenoidal  lobe  is  ;i  large  tonsil-shapt'd  mass  of  gray 
ltt«?r — the  iiudrx.'i  ninii'ldiihin.'^. 
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Section  V.  (mm:  Fig.  'J)  cuts  through  the  corpus  albicans,  and 

t!X]iueie»  the  tluilamui,  Util  <>/  (he  mmliile  uwleiis,  and  the  thrrr  tlirMuns  of 

Hi    '    '      '  I  nudeiiii,     Thv  iiilrrnal  rtipsulr,  its  fibres  detx'ending  to  the 

).r  uerebri,  is  seen  »epttratinj<  the  eiiuduk  inideii^  and  Omhinui 

•III  ill.   .  !!•    Ii  lid  from  the /'•»//c«//i/' n//c/fM.<  on  the  other.    Witliin  the 

tii.ilioiiii-    li«  -   tile  Ikhi'I  "/  /Vivy  iFJzifi;  and  coursing  idoug   the  inner 

'  oncave  asiiect  of  tin;  internal  (.apsulu  is  the  Itimin/i  mtduUari*  tj-tmiiu 

!■  ,...  ,ti.  .(.,.  jentiruiar  nudeu^i  nuiM  tlie  oj^tic  lim:t,  splitting  ieito  it«  two 

ivisioni!>     Outride  of  the  lenticular  nucleus  are   the  parts 

Ilea  in  the  description  of  the  preceding  figure,  namely,  iho  outer 

.  rJniL-ilruiii^  vchitr  mihsldiire  of  ihe  island,  and  the  iiiand  of  Heil. 

Taliiug  the  place  of  the  nucleiiH  aniygdalaris  on  the  inner  RKiiect  of 

the  temporo  »])lu'noidal   lube  is  the  mrnu  Anwumis  with  the  deMewliny 
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hcni  of  the  taleral  reniricle  to  its  outor  sidu.  Notice  that  th<!  grmjr 
matter  of  the  comu  Ammonia  is  directly  continuous  with  that  of  the 
lenticular  nucleus.  The  t<rnUi  seniietreulam  is  seen  eepanting  Um 
caudate  nucleus  from  the  thalumus,  and  splitting  into  two  brmnehM 
which  inclose  the  ankrior  nuclriDi  of  llw  lluiliunus. 

Section  VI.  (see  Fig.  10)  cuts  through  the  anterior  margin 
of  the  pons,'  and  exposes  the  jifdnnculns  r^rehii,  svfuUintut  nvjra,  rtd 
iiudeun,  a/rffun  Luifsuinuiii,  IfuiLnnus,  mid  tail  nf  the  aiwltir  nucleus.  Tlie 
convolutions  incised  are,  be|;itining  immediately  above  the  corjitu  cal- 
loaum,  the  yt/nw  /unumliui,  the  parnanlrnl  litlmle,  the  ascending  frontal 
and  tisffiuHng  ptu-ift'd,  thujiigl,  second,  and  third  (rmfxnal,  ii\e  (fyri  (Wei- 
jnto-trmjxtralis  lateralis  and  meduilis,  and    the   <fin'us  uncituUus.      The 
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lenticultif  uucletut  is  also  seen,  but  is  now  ru[iidly  becoming  reduced  in 
aixe,  while  the  outer  capsule  is  corre8|)ondingly  increasing  in  dimen- 
sions. The  triangular  ujierturc  immediutoly  above  the  pons  is  not  the 
aqueduct  of  Sylvius,  but  is  simply  the  hollow  or  Imy  formed  by  the 
diverging  pc<lunculi.  The  aqueduct  has  not  as  yet  come  into  view. 
In  the  thalamus  is  seen  a  large  oval-shaped  gruy  mass  abutting  upon 
the  third  ventricle.     It  is  the  median  miclrus  of  the  thalamus. 

Section  VII.  (see  Fig.  11)  passes  across  the  front  of  the 

angular  gyrus.  Above  is  the  lobulug  pmieUiiia  ttuperiiu;  and  lielow 
arc  thu  nccipito-lcmjxn-td  connttidlatts.  For  convenience  in  description,  it 
will  W-.  well    to  i.-iJtnmeiice  with  the  jiiflerior  horn  of  llu  latrnd  vrntrirJr., 

'   In  thi«  Mil  the  foltowlnfj  Rgurr  tliu  |i<iiu  U  reprawntrd  u  U(t  ntUdiviL      In  Uir 
^n^Tt)^~^  of  cutting  u|)  tba  bniij  irconiiui-mlnt,  the  jwiu  an<l  ineilulla  wonid,  of  coanr. 
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which  is  exposed  in  the  middle  of  each  hemisphere.  To  its  inner  side 
IK  the  jHxitrritrr  fjlremity  of  thr  cnrjms  mllnpjm,  while  helow  this  is  a  little 
iiuinr-iice  evidently  compounded  of  callosal  fibres — the  hijipocampiis 
tatnar.  To  theout«ido  of  the  ventricle  arc  seen  two  well-<lefined  bands 
of  fibres  cat  across.  The  internal  of  these,  that  which  constitutes  the 
OQter  wall  of  the  ventricle,  is  the  so-called  Uipttum,  while  the  more 
(>xt«nial  of  the  two  is  what  is  known  as  Graliotfl'a  optic  radialitms,  or 
the  jiarieto-occipital  band.  The  lower  part  of  the  fi^ue  represents  an 
ubliqu«   section    through  the   crrtMluni,  foiirih  raUridf,  and    mtdulln 

22.  The  Spinal  Cord. — With  the  sectio  knife  make  an  incision 
tbroagh  the  soft  parts  over  the  spine  from  the  occipital  protuberance 
down  to  the  lower  hunhar  region.     Dissect  all  the  muscles  and  otlior 
soft  puts  bock  for  such  a  distance  that  the  Hpiue  is  freely  exposed,  and,  in 
•loing   so,    lay  the   vertebnc   quite    hare.       Several    instruments    are 
recommended  for  opening  the  8i>inal  canal,  such  as  a  double  saw  to  be 
applied  simultaneously  to  the  laminte  on  both  sides.    A  single  small  saw 
with  a  rounded  belly  has  also  lieen  recommended,  and  a  strong  knife- 
like  instrument  with  a  hook  at  the  end  is  sometimes  included  in  patho- 
logical instrument  cases,  the  hook  being  intended  to  slip  under  the  lamina 
while  the  sharp  edge  of  the  instrument  is  driven  through  them  with  a 
mallet.     A  pair  of  very  strong  bone  pliers  with  long  roughened  handles 
is  [(referable  to  any  of  the  above.    One  of  the  vertebral  spines  is  first  cut 
off,  usually  in  the  loiver  cervical  region,  the  i)oint  of  either  of  the  blades 
.is  now  insinuated  nnder  a  lamina,  and  this  is  cut  across.     The  corre- 
[•ponding  lamina  on  the  opposite  side  is  similarly  divided,  and  the 
simw  of  bono  so  separated  is  reflected  l>ack  upon  the  spine,  or  seized 
%rith  the  bone-plicrs  and  twisted  off.     The  blades  are  next  applied  to 
tb^  lamins  above  this,  there  being  plenty  of  space  between  the  spina] 
cord  and  the  bone  Ut  introduce  them.      If  the  instniaeot  is  snS- 
Icieutly  powerful,  the  laminae  are  cut  across  with  the  greatest  eMs^  mkI 
withoat  any  fear  of  injury  to  the  cord.     When  the  dtviaoa  of  tlM 
Ijuniiue  is  completetl  in  a  direction  upwards,  the  proesie  is  eODtlBOed 
(downwards  to  the  lower  lumbar  region,  the  pieces  of  bona  aa  tbejr  arc 
lihoFst«d  lieing  removed  from  the  soft  parts  by  twirta^  witli  lb* 
forceps.     The  time  occupied  in  doing  this,  wbieb  otberwiw  is  apC  (a 
F.be  a  very  laborious  operation,  is  so  abort,  tbaft  five  -^— *-~  sIhoU 

ifioe  for  the  complete  remoral  of  tbe  orgpa  from  iha  tfaat  vhsa  iIm 
primary  inci^iion  is  made  into  the  soil  paf1& 

The  cord  liaving  been  thns  Iruught  into  liev  auat  be  faaw»»eJ  with 
I  the  dura  mater.  Its  nerres  sbooM  he  dirided  by  wuuiiag  a  sharp  tawfe 
Idown  each  side  of  the  canal,  and  if  it  be  dcand  to  aaanra  mm»  «f  Ika 
[.ganglia,  these  should  be  detarfifd  aking  witb  tba  «rtin  tailatsi,  ail  ba 

absequently  dissected  oat.  11»  bfapdMaof  tbaaadaafriaaanBtxt 
[to  bedivide<l,  and  the  data  mater  eoveoBf  Iha  ««MaaaiilH4iia  tab* 
[aoittd  with  a  pair  of  dimaatii^  fnwapi.  Gh«  mast  bs  tafcan  m«  to 
I  tabe  hohl  of  the  cord  itaeK  aa  it  «9  be  amc  to  aafltr  mjtrf.     Am  lum^ 
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lis  the  duifi  mater  iilone  i^  drawn  upon,  there  is  no  ilnngcr  ftf  injur)-, 
hut  pressure  uprtn  the  conl  it  certain  to  bruiw  it,  und  to  give  rise  to 
uppc«rancea  whit-li  nift,v  afterwanls  be  mistaken  for  something'  morhiil. 
If  the  alxjve  dirC'Ctioji.s  lie  followed  the  eonl  should  not  hiivc  suffered  the 
sh'ghtest  injury.  The  connections  of  the  ligaments  of  the  dura  mater 
are  to  be  severed  with  a  pair  of  Bcissors  held  in  the  right  l>and.  while 
traction  is  exerted  upon  the  membrane  with  the  loft.  When  rero«ve»l. 
lay  it  out  Hatly  u|)on  an  oven  auiiacc  with  the  po.<?tcrior  aspect  down- 
wards, and  with  a  pair  of  sciswni  slit  open  the  dura  muter  along  the 
anterior  asjjcct.  Should  it  be  desired  to  harden  the  organ,  on  no 
account  cut  into  if.  as  the  myeline  is  extremely  apt  to  l>e  tl riven  out 
of  the  cut  en<l8  as  the  hnnleninj;  is  proceeding.  Examine  the  rut  upi»cr 
extremity,  but  leave  any  further  incising  until  the  orgnn  has  liocome 
fixed  with  the  Miiller's  fluid  in  which  it  ought  to  In"  placed  (sc-e  Chap. 
V).  If  it  i.«  not  to  be  hai-dene«l,  cut  it  transversely  into  pieces  of  alK>Dt 
an  inch  in  length,  leaving  them  still  attached  by  tliu  pia  mater  |mi«- 
t«riorly.  Notice  the  condition  of  the  white  columns  and  of  the  horns  of 
gray  matter.  The  naked-eye  examination  of  the  cord  is  always  untatit- 
factory,  but  when  the  columnn  are  wasted  or  changed  in  colour  as  in 
locomotor  ataxia,  or  when  there  arc  patches  nf  sclerosis,  those  can  be 
i-eadily  det«ct«d  with  the  naked  eye.  Never  trust  to  naked-oyo  cx«mi> 
nation  alone,  however,  in  any  lesion  of  the  central  nervous  organs.  The 
condition  of  the  .</rt'M(i/  funnl  it.self  ought,  lastly,  to  lie  ins|M>cif<l. 
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!RAL  Instructions  ijeoardixc  tiik  Xaked-Eye  Examination 

OF  OnOAXH  AFTEU  TIIEV  IIA\T,  BEEN  UEMOVEI)  FROM  THE  BODY. 

tS.  As  method  is  the  very  esflenc?  of  ii  good  pathological  report,  it 

III  6K$«ntial  not  only  to  conduct  the  examiniition  of  the  body  |irevious 

the  removal  of   the  viscera  in  a  systematic  manner,  Imt  to  use 

PmaiUr  precautions  in  describinK  the  organs   after  thej'  have    Iwen 

»xcued.     The  following  onler  of  examination,  if  attended  to,  will  !>e 

foun<l  of  great  aiti  in  attiiining  the  ncccssarj'  a<xaracy. 

A.  Weight*  F.  The  cut  surface. 

R   Size,  (!.    C!nIour. 

C.  Consistence.  H.  Squeezing  and  scraping. 

I).  Surface  and  edges.  I.    Odour. 

Vi  General  contour.  K.  Microscopic  examination. 

A-  Weight. — All  organs,  the  heart  excepted,  ought  to  \>e  weighed 
before  they  are  cut  into.  This  viscua  frequently  contains  a  massj  of 
bltmd-clot.  which,  if  weighed  along  with  it,  wnnld  render  the  result 
fallacioui^.  On  tlie  other  hand,  if  the  other  nrgiins  are  weighed  after 
Iteiiig  incised,  the  escajie  of  liquids,  .such  as  the  coritt'iits  of  rysts, 
abiioeaaeN,  t-tc.,  .iIro  vilifies  the  result.  It  .should  be  reniemln'red 
tb«t  the  weight  is  not  always  proportional  to  the  size.  Thus  a  fatty 
liver  may  be  extremely  large  biit  at  the  same  time  8|iecifically  lighter 
than  ft  normjd  organ  or  than  one  M'hich  contains  a  heavy  foreign  sulv 
•tanw  such  a«  fibnrns  tiwuc  or  amyloid.  From  our  unfamiliarity  with 
what  a  hundred  or  a  thousand  grannnes  of  a  partiiular  substance  repre- 
sent in  bulk  in  articles  of  diiily  use,  one  cannot  form  nearly  so  graphic 
an  idea  of  what  is  meant,  when  these  weights  arc  applied  to  diseased 
orgatu,  UM  when  their  weight  is  descrilied  in  pounds  and  ounces.  Hence 
it  is  (terhups  preferable  to  employ  the  .avoirduixiis  pound,  until  the 
decimal  <yst*m  Itccomes  more  genei-al  in  this  countiy. 
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Average  Weight  of  Normal  Oryana. 

Liver,  3  lbs.  I^ft  Lung,  1  lb.  4  ox. 

Kidney,  6J  to  6  oz.  Right,  1  lb.  7  ot 

Spleen,  5  to  6  oz.  Heart,  10  to  13  ot 

Bmin,  49  to  50  oz. 

The  organ.s  in  the  female  are  usually  less  in  weight  than  those  in  the 
male. 

B.  Size. — Where  a  new  substance  is  infiltrated  into  an  oi^an,  the 
latter  is  generally  enlarged,  as  in  the  tttur-lUr  and  faliy  iniiltrationa 
It  may  happen,  however,  that  two  new  substances  are  present  in  an 
organ  or  tissue,  the  one  tending  to  enlarge  its  bulk  the  other  to  diminish 
it,  and  it  depends  upon  the  preponderance  of  the  one  or  the  other  at 
to  what  the  result  will  be.  A  liver  is  often  simultaneously  the  subject 
of  cirrhosis  an<l  of  the  amyU>ul  or  xpor-likf  disease,  and,  in  such  circum- 
stances, usually  is  a  small  organ,  the  reason  of  course  being  that  the 
destruction  of  liver  tissue  by  the  i)ressure  of  the  cirrhotic  banda  ie 
greater  than  the  wax-like  substance  will  compensate  for.  Two  organa, 
■gain,  mil}'  be  atl'ected  ^vith  the  same  disease,  the  one  being  small  the 
other  large.  The  most  familiar  example  of  this  is  the  cirrhotic  liver, 
where  in  one  variety  the  organ  may  ha  wasted  to  a  third  of  its  bulk, 
and  in  another  may  be  twice  its  original  size.  The  explanation  is  that 
the  cirrhotic  fibrous  tissue  is  so  abundant  in  the  large  that  it  more  tlian 
makes  up  for  the  loss  in  the  liver  substiincc. 

Remember  that  a  large  is  not  necessarily  an  hi/prrlrtfphifd  organ.  Many 
of  the  largest  diseased  organs  are  in  the  last  stages  of  atrophy.  It  i>  an 
unpardonable  mistake  to  suppose  that  h;/j>ntrophi/  and  mlargement  are 
sjrnonymous  terms,  or  that  atrophic  organs  are  always  small.  Diminu- 
tion in  size  is  a  common  attribute  of  an  atrophic  organ,  but  is  not 
invariably  associated  «nth  it.  Thus  the  waxy  and  large  cirrhotic  livers 
are  Iwth  UBu;i]ly  much  over  the  normal  bulk,  but  no  one  with  the 
moat  elementary  knowledge  of  pathology  would  think  of  calling  them 
hy|>ertropluod  organs.  Tlie  terms  growtit,  hypfrtrophy,  and  atrtjphy 
must  all  be  specifically  defined,  otherwise  we  get  into  endless  con- 
fusion.    (See  Chaps.  X.  and  XI.) 

It  tronlil  Ix'  oitreracly  deaimbln  if  wc  coulil  invariably  adopt  the  dei'imiil  /«>-»tclii 
of  linear  moiuurrmcnt  in  thi*  country  for  ill  medical  purposes.  UnfottanAt«iy  th« 
■atne  olij<vtion  liuMs  goo<l  fnr  thiN  u  for  meanircment  hy  weight,  nnniely,  that  tit* 
m^ority  nf  p«o|ile  in  this  country  are  not  sufficiently  familitr  witli  the  leagtb 
of  •  mntra  or  a  contimitra  to  make  theac  atandarda  of  everyday  lur.  Hence  H 
{•  preferable  to  expreaa  the  k^'ou  meMntements  of  organs  in  inches,  or  to  employ 
tba  metric  ayatom  along  with  this. 

It  ia  a  good  rule  to  avoirl  the  term*  largt  and  tmall  a*  much  an  |ioi«iMe.  They 
are  retative  termi,  and  are  liable  to  great  abnae  in  pathology,  the  employment  «f 
tbem  being  entir«ly  bsMil  upon  the  subjective  notion*  of  the  patholagiat  The 
B^ority  even  of  adranr^d  ntudcnta  hare  the  miatieat  conception  of  the  iixe  of  tha 
normal  organa,  and  hence,  in  order  to  avoid  any  roiglake,  tha  nae  of  tbeae  temii 
ahould  be  diicouraged  in  ail  dei«<ri{ition».      There  are  eome  iwthological  olijerla, 
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hennr,  which  are  ao  irregular  in  shape  that  they  cannot  bo  measured  with 
eomsimec,  and,  in  rach  cases,  an  approximate  notion  of  their  size  can  be 
Miati  W  likening  them  to  some  familiar  objects.  Thus  seeds  and  fruits  ii> 
MUMBUe,  Bad  of  a  specific  shape,  are  convenient,  but  care  should  be  taken  in 
JMHHrtiWK  beginners  that  they  ore  familiar  with  the  bodies  employed  in  comparisou. 
KttUi^is  commoner  than  to  find  stodents  liken  bodies  in  size  to  a  millet  seed,  yet 
it  *ill  lit  fonnd  that  with  a  few  exceptions  the  average  student  has  never  seen  millet, 
hiivull,  therefore,  in  order  to  ensure  accuracy  of  comparison,  to  have,  aa  in  Yirchow's 
likntory,  a  number  of  standard  bodies  at  hand  so  that  they  can  be  placed  side  by 
•III*  with  the  body  under  comparison.  If  extreme  accuracy  bo  desired  in  estimating 
tlx  bullc  of  I  morbid  object,  its  displacement  Tiioasurement  should  be  taken.  In 
tlicciieof  thn  brmin  this  is  by  far  the  beat  method  to  follow,  but  with  other  organs 
It  iiaot  uinally  necessary  to  do  so. 

C  Consistence. — There  is,  unfortunately,  no  means  unless  that 
irf  practice  an«l  experience  by  which  the  noiinnl  consistence  can    be 
■nCimated.    The  natural  consistence  of  the  kidney  may  l>e  likened  to  this, 
'   ttit,  and  the  other  thing,  but  there  is  no  description  which  will  ever 
t«uh  a  man  what  it  actually  is  until  he  has  passed  many  kidneys 
tiuough  bis  hands. 

Du  not  test  the  consistence  of  an  organ  by  pressing  it  with  the 

lips  <»f  tl»e  fingers  against  a  hard  surface.     The  softest  organ  feels 

'"ogli  and  resistant  under  such  a  method  of  e.xamination.     Tiie  only 

Dif«ng  by  which  any  information  can  be  obtained  of  its  consistence  is 

^  taking  the  whole  organ  up  in  the  handa     If  it  is  flab1>y  the  edges 

•ill  liang  down  on  all  sides ;  if  it  is  rigid  it  does  not  tend  to  collapse  ; 

ttd  if  it  is  doughy  in  consistence  it  leaves  the  impress  of  the  fingers 

"pw  it     An  organ  may  be  tough  and  at  the  same  time  elastic,  as  in 

th*  ewe  of  the  amyloid  liver  ;  where,   on  the  other  hand,  there  is 

*xeM8  o!  fibrous  tissue  within  it,  the  consistence  is  tough  but  inelastic, 

like  the  feeling  of  a  piece  of  wet  leather.     A  liver  infiltrated  with 

^  piu  readily  on  pressure,  and  may  be  said  to  have  a  "  doughy " 

«'n*i*teuce. 

C  Surface  and  Edges. — In  describing  these,  take  notice  of 

roughness    or    uiiusu;il    smoothness,    the    presence    of    tumours, 

ons,  etc.    Notice  any  irregularities  of  the  edges,  ami  whether  they 

ifiltrateil  or  attenuated.    When  a  new  substance  ia  present  in  large 

i/ttjuiiity  in  an  orgnn,  the  edges  are  usually  more  or  less  blunted  and 

'  "  in  the  fatty  and  wax-like  liver  ;  but  if  the  organ  has  suf- 

ting,  its  edge  will  almost  certainly  be  thin  and  sharply 

as  in  acute  yellow  atrophy  of  the  liver,  in  which  disease  the 

sometimes  has  a  parchment-like  feeling  from  the  loss  of  paren- 

ijrtDiL 

E.  General  Contour. — In  syphilitic  diseases  of  the  various  organs, 

licaliy  in  the  syphilitic  liver,  the  contour  is  grossly  altered.     A  liver 

h  a  case  may  be  difficult  to  recognise  as  such,  from  the  deformity 

IiM  been  brought  about  in  it  by  the   contraction  of  cicatrices. 

this  alteration  in  general  contour  exists,  it  ought  of  course  to  be 

iject  of  special  description. 
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Y.  The  Cut  Surface. — Up  to  this  jMiint  the  organ  is  uot  suppoAe*^ 
to  have  boen  cut  into.     It  must  now  be  0{)ene(l  hy  a  single  cut,  or  hy 
»  series  of  incisions  made  in  particular  directions.     How  are  we  l*^ 
commence  the  description  when  the  interior  is  expose*!  ?     The  lie»^&» 
rule  is  to  describe  first  that  which  seems  to  be  most  abnormal  or  o  ^ 
most  importance.    Thus,  for  example,  if  a  tumour  be  sitimtcd  in  tbt^^ 
centre  of  the  liver,  commence  with  the  tumour,  and  describe   its   sur  — 
roundings  subsequently.     If  the  colour  be  the  most  striking  fcnture^.i' 
begin  the  description,  with  this,  and  so  on.     Above  all  things,  6m*l^~ 
the  description  of  the  exterior  before  proceeding  to  the  interior.     Taki^ 
notice  of  the  smoothness,  lustre,  moistness,  dryness,  or  greauncas  of  thv^ 
exposed  surface,  and  of  the  quantity  of  blood  which  eacapos  when  the- 
incisions  are  made.     The  size  of  the  cut  vessels,  and  any  degeneration 
of  their  walls,  should  all  be  diligently  recorded. 

G.  Colour, — Of  all  the  poiut«  enumerated  in  this  list>  colour  »  Ums 
most  difficult  for  a  beginner  to  describe.  The  majority  of  people  ncvet 
think  of  colours,  and  ^vhen  they  come  to  describe  tliem,  consequently 
make  some  remarkable  mistakes.  One  of  the  commonest  is  to  de!>crib« 
a  pale  organ  as  "  white  " — "  The  large  white  kidney"!  So-called  whit* 
objects  in  morbid  anatomy  are  usually  yellow  or  pale  pink  in  tint.  tii« 
former  colour  being  frequently  an  important  indication  of  fatty 
degeneration.  Anotlier  common  error  is  to  describe  an  organ  as  of  a 
"  p«le  colour."     Pale  is  not  a  colour,  it  is  a  degree  of  colour. 

Am  the  iJtist'R  itaniUrd  of  the  varioiu  colotin  ii  a  purely  arbitmr)'  one,  and  as  it 
to  ail  impoaoibility  to  toll  exactly  whrn  yellow  paaaes  nvrr  iiilo  onitigc  or  bla*  into 
greon,  it  i*  uoctss&ry  iu  di'ScribtiiK  colours  with  accuracy  to  gut  to  know  those  ihadMi 
that  ani  conniderctl  tyjiical  ;  and  there  i^  no  better  field  for  educating;  the  wnae  of 
colour  than  that  or  morbid  anatomy,  the  bu«s  being  ao  raried  and  rabtli-  iMid  t]M 
ODD  coaloacing  «o  insidiously  with  the  other.  It  U  necMtary  iu  d^aciibluf;  a  [Art  u 
having  a  certain  colour  to  ipecify  the  particular  variety.  There  ore  all  dcgrH% 
for  itutance,  of  the  colour  "  yellow,"  so  comniou  in  morbid  orKatu.  each  having  a 
ontaiii  iiatholiiKicJil  nignifioancv.  Cream  yellow  Ih  generally  the  tint  of  an  organ  Uial 
OODtaiui  fat :  cauAry  yellow  is  that  rt;sultiug  from  bile  staining  ;  ochre  yellow  ia  th* 
colour  of  tlie  acute  yrllow  atrophy  of  the  liver  ;  and  an  old  Lirmorrhogic  cavity  in  th* 
brain  i«  *buiii.«l  urengK  yellow.  The  commonest  blue  colour  is  that  which  lit  fouml  as 
»  ttM\\t 'it  po-tt-wivfi-nii  >tccom)K>iiition,  and  uiay  be  deacribed  aa  a  "ulatv"  bln«. 
Dltfcrciit  Rhodes  of  red  are,  of  course,  very  Common,  and  aome  of  the  transitional 
atagoa,  where  they  become  tcmpere<l  with  brown,  are  occaaionally  very  difficnlt  to 
dHcribo.  A  little  attuntioti  tn  the  matter  of  colours  will  aoon  make  the  •todcnt 
pMAdant  in  tluir  detection,  provided,  of  conrac,  he  ia  uot  actually  oolour-bUnd. 

The  colours*  which  follow  upon  post-morlem  ilecom]iosition  are  Tuied 
in  hue,  and  are  must  commonly  met  with  in  the  alxlominal  ca\4ty  or 
on  the  surface  of  the  bodj'.  Their  cause  is  the  chemifal  JeamijMisitvm 
of  the  iron  nf  the  blocnl  by  the  sulphuretted  hydrogen  set  free  in  the 
gaatro-iuteatinul  canal,  or  from  putrefying  tissues,  ^jtemembor  that 
yott-tiwriein  staining  of  a  livid  or  almost  black  colour  does  uot  alwi^a 
signify  that  the  jiart  is  in  a  state  of  putrefaction  (see  GangroneV      It 
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(imfh  means  that  chemical  decomposition  ha?  occurred  by  sulphuretted 
hydrogen  being  liberated  from  some  source  and  coming  in  contact  with 
blooL  Sulphuretted  hydrogen  seems  to  pass  very  readily  through  the 
cottiof  the  stomach  and  intestine  after  death,  and  hence  adjacent  viscera 
ittve  frequently  a  livid  or  black  colour. 

The  colour  of  the  surface  of  the  organ  is  to  be  noted  first ;  that 
of  tin  cut  surface  should  then  be  described.  In  the  case  of  the 
Uifcr,  the  centre  of  the  lobule  is  often  of  a  deep  red.  the  periphery 
of  ft  cream  yellow,  or  there  may  l>e  some  other  difference  in  hue 
uf  tb«  centre  and  periphery.  It  is  sometimes  difficult  to  say  which 
it  ftt  the  periphery  and  which  at  the  centre,  and  great  care  should 
ooDtequently  be  taken  to  determine  this.  If  a  colour  is  suspected  to 
W  due  to  decomposition  make  a  shallow  cut  into  the  coloured  part.  If 
itiin  Mirmiac  is  correct  the  colour  will  seldom  be  found  to  penetrate 
Jwper  than  tm  eighth  of  an  inch. 

H.  Squeezing:  and  Scraping. — \VTien  an  organ  or  tissue  is 
(»d«iu»t<)U3  ib  should  pit  on  pressure,  and  when  squeezed,  the  liquid 
it  eontiiiu  should  be  capable  of  being  thoroughly  expressed,  so  as  to 
lave  the  tissue  in  a  collapsed  state.  The  lung  is  of  all  organs 
tile  most  liable  to  cedema,  and  it  may  be  sometimes  difficult  to  tell  by 
luiaiiied  viiion  whether  the  infiltration  is  pneumonic  or  not,  whether 
It  ii  liiiuid  or  solid.  Squeezing  at  once  settles  the  question,  for  if  the 
«ir  vesicles  can  be  thoroughly  emptied  of  their  contents,  and  if  the 
M}ire«««(l  liquid  be  serous  in  character,  then  the  infiltration  is  not 
pneumonic.  Li  acute  catarrhiU  pneumonia,  and  in  the  softening  or 
purulent  stage  of  croupous  pneumonia,  squeezing  may  also  serve  to 
•■'flpty  the  infiltrated  part.  The  expressed  liquids  are  not,  however, 
wcius,  hut  respectively  muco-pundcnt  and  purulent.  Be  judicious, 
iiuwuver,  in  squeezing  a  part.  Nothing  is  more  heart-rending  to  a 
liutologist  than  to  sec  the  ruthless  mnnner  in  which  a  delicate  tissue 
M  sometimes  subject«d  to  the  Herculean  gnis])  of  some  unsophisticated 
ftnoit  In  testing  an  infant's  lung,  where  there  is  a  question  of  the 
infunt  having  breathed,  a  piece  of  the  organ  should  be  compressed 
*itliin  a  towel,  and  if  the  child  has  inspired  the  piece  -will  float  in 
•itor  even  after  this. 

Scraping  the  surface  with  a  scalpel  is  of  use  when  an  organ  is  fatty 
tir  when  it  is  desired  to  remove  some  of  the  cells  of  an  organ  or  tissue 
for  fflicntscopic  examination.  The  greasy  debris  left  on  the  blade  of 
the  knife  from  the  fatty  liver  is  very  chai-act^'ristic.  Other  occasions 
irill  naturally  suggest  themselvea,  on  which  this  method  of  examination 
may  In;  of  ilso. 

I.  The  odour  of  the  viscera  is  sometimes  of  importance.  Thus,  in 
dial>etie«,  the  acetone-like  odour  is  a  good  diagnostic  sign,  especially  if 
the  orgaoa  have  been  kept  in  a  closed  box  or  bottle  for  twenty-four  hours. 
It  eeenu  to  increase  by  exposure  to  the  action  of  the  air.  In  leucocy- 
tbamia  the  (Klour  hjis  the  peculiar  mawkish  character  of  freshly-drawn 
rsons  who  die  durinc  an  alcoholic  debauch  the  abdominal 
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viscera  have  a  powerful  butyric-acid- like  odour.     The  smell  of 
contents  of  the  stomach  of  course  should  be  carefully  investigated 
criminal  coses. 

K.  Microscopic   Examination  of  Tissues  in  the  Frea 
State. — All  inorliiil  tissues  should  be  examined  microscopically  wl 
untouched  by  any  hardening  reagent  and  a  note  kept  of  their  app 
to  bo  compared  with  that  of  the  tissue  when  it  has  been  specially 
pared.    We  thus  make  sure  that  any  abnormalities  are  not  caused  by  I 
medium  employed  for  hardening,  and  also  get  on  immediate,  although  I 
may  be  unsatisfactory,  idea  of  what  the  minute  alterations  of  the  tis 
are.    Some  part*  are  never  the  same  after  as  they  were  before  being' 
hardened,  and  preeminently  does  this  hold  good  of  the  brain  cortex. 
By  no  subsequent  means  can  this  l)e  studied  so  well  as  in  the  freeh 
state,   especially    when    Sankey   and    Lewis'   method   of  staining 
employed.     Most  tissues  are,  n«  a  rule,  however,  improved  by 
action  of  the  hardening  reagent,  as  it  destroys  their  hygroscopic  pro^ 
perties,  and  renders  their  outline  more  distinct  than  before. 

Tissues  about  to  be  the  subject  of  microscopic  examination  in  the 
freah  state  should  not  have  touchetl  water.     They  may  be    cut  in_ 
various  ways,  the  chief  of  which  are  the  following : — 

1.  By  means  of  a  Valentin's  double-bladed  knife. 

2.  By  emlMxlding  the  tissue  between  two  pieces  of  hardened  amy- 
loid liver,  and  cutting  the  section  with  a  razor  or  flat  brain  kiufc.  The 
piece  of  liver  with  conUiincd  tissue  is  held  in  the  left  hand,  and  the 
knife,  previously  moistened  with  a  |  |>er  cent  common  salt  solution 
made  to  pass  through  Vjoth  with  a  single  sweep. 

3.  A  section  may  be  cut  simply  from  the  organ  itself  with  a 
raror  or  flat  knife. 

4.  By  far  the  best  method  is  to  employ  an  ether  freezing  micro- 
tome, such  as  one  of  those  recommended  in  Section  39.  Moisten  the 
surface  of  the  cylinder  with  a  little  gum,  and  lay  a  slice  of  the  tissue 
not  more  than  |th  of  an  inch  thick  upon  it.  Frttzt  tht  (Usue  half 
Ihrmnjh  and  take  one  or  two  sections  from  the  part  where  the 
(h>2en  and  unfrozen  parts  meet.  The  majority  of  tissues  arc  ruined 
if  frozen  through  completely,  but  if  frozen  half  through  there  is  always 
a  level  from  which  a  few  sections  may  be  obtained  which  are  on- 
it\jurod.     These  alone  should  be  used  for  microscopic  work. 

Place  the  sections  in  a  small  white  basin  containing  J  |jor  cent  salt 
solution,  and  float  them  on  to  a  slide.  They  are  often  filled  with  air- 
bells  at  tirst,  but  if  left  for  a  night,  or  sometimes  even  for  an  hour 
two,  they  will  disapfiear.  If  the  section  shows  any  marks  of  the 
crystals  it  should  lie  rejected.  Place  a  cover  glass  over  it  and  exan 
it  microscopically,  first  ynih  a  low  power  (50  diam.)  and  subsequently 
with  a  high.  It  may  be  stained,  but  this,  with  certain  exception^ 
never  so  succesHful  a  procedure  as  when  the  tissue  has  lieen  hanlene 
The  examination  of  the  fresh  section  in  the  above  neutral  salt  solution 
without  staining  is  usually  &r  more  instructive  than  when  it  is  stoiuc 
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aiid  nounUid  in  some  permanent  medium.  Perosmic  acid  (^  to  \ 
per  «at  solution  in  water)  may  be  employed  to  advantage  witli  fatly 
iiinw,  and  the  various  tests  for  the  wax-like  substance  can  be  similarly 
i{t))!irtl.  Dilute  acetic  acid  is  particularly  useful  in  demonstrating  nuclei 
and  in  clarifying  albuminous  precipitiites,  and  glacial  acetic  acid  or  a 
itrong  solution  of  potash  for  showing  micrococcus  or  other  micro- 
or^knisms. 

If  the  tissue  is  of  interest,  several  pieces  ought  to  be  hardened  by 
liw  Bflthods  recommended  in  Chapter  V. 


Note-taking  and  Medico-Legal  Repokts. 

34.  In  the  remarks  introductory  to  what  has  been  said  of  the 
nuking  of  pod-mortfm  examinations,  the  general  principles  on  which 
notej  ought  to  be  taken  were  indicated.  It  now  remains  to  discuss 
the  nuhject  a  little  more  in  detail. 

In  order  that  notes  may  not  end  in  being  cumbersome  and  irrelevant, 

It  i"  sufficient  to  dcscrUie  onhj  whit  is  mctrlid,  merely  mentioning  generally 

tlut  other  parts  having  a  special  bearing  upon  the  cose  were  normal. 

lB»caae  of  sudden  death,  for  instance,  where  the  cause  is  not  evident, 

it  would  bo  well  to  note  that  the   heart  fibre  was  examined  but 

•ppenred  to  be  perfectly  healthy,  or  that  the  respiratory  passages  were 

clear  uid  in  a  normal  condition,  but,  as  a  rule,  where  the  cause  of 

•isitli  iii  apparent,  as  little  suiktHuous  matter  as  possible  should  find 

iu  way  into  the  report.      In  medico-legal  cases  this  is  specially  to  be 

wmambered.      What  the  crown  authorities  want  is  a  clear  statement 

» to  the  cause  of  death,  and  although  it  may  have  been  necessary  to 

V>  '"to  much  detail  in  conducting  the  inspection,  yet  it  is  not  necea- 

•fy  to  de«cril)e  the  whole  of  this  in  the  report  if  it  is  found  to  be 

"nconncclod  with  the  actual  cause  of  deatli.     A  general  statement 

•liwld  lie  appended  to  the  end  of  all  medico-legal  reports  to  the  effect 

tort  "other  organs  were  normal,"  or  "were  normal  with  the  exception 

of"  10  and  so,  mentioning  particulars  as  briefly  as  possible  if  they 

kl»B  DO  special  bearing  upon   the   case.      The   introduction   of  ex- 

iniMoas  matter  in  a  criminal  report  simply  causes  confusion  in  the 

ninds  of  the  jury,  and  ia  apt  to  lead  to  difficulties  in  a  cross-examina- 

tiott  that  the  witness  may  not  have  anticipated. 

The  form  of  outline  notes  that  the  author  is  in  the  habit  of  employ- 
ing in  the  pust-inwU^m  room  may  be  considered  to  be  brief  by  many. 
It  will  Ik?  found,  however,  to  be  quite  sufficient  for  all  practical  pur- 
pomm,  and  to  leave  room  for  aomo  individuality  of  description.  It  is 
U*t  lo  have  it  printed,  but  if  such  facilities  are  not  at  hand,  it  ought 
lo  be  written  out  bejorf  tlte  eramiualion  coravimcts.  The  collected 
iwporta  can  be  eabsequently  bound  up  in  book-foiin. 
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Outline-Form  for  Taking  Notes  at  Pod-Mmiem  Exam inatioks- ^ 

No.  of  Case.  Pige 

Nati-re  or  THE  Cask  ^ 


I.  Preliminaiy  Data. 

Name Age. 

OccnpatioD 

Ward  in  which  patient  died 

Home  address  

Date  of  death 18 

Date  of  examination 18 

Medical  attendant 


II.  History  of  Case. 

III.  Eztenul  Appearances. 

Height Cireumff  rente  at  ihoulders  , 

P.-M.  Lividitv 


Rigor  mortis 

(Jcneral  nouriahmeiit. 
Pupils 


IV.  Circnlatory  Organs. 

(a)  Hf.akt. — l^''eighi  {after  being  opeiud). 
Pericardial  sac . 


Cone-diam.  and  competency  of  valves,    iiize  of  cavities  and  thickness  of  walls. 
Aorta Compt.  Incompt.' I      Left  vetUrieU 


Mitred 

Puim.  artery...        ,, 
Tricuspid „ 

(h\  AoKTA  (tlu'racie). 


WaU. 

Right  ventricle . 

Wall 


(nbdmninal) 

.c)  Otiiek  Aktekifx  oh  Veins. 


'  Thv  8[>acM  here  given  are  merely  relative  in  iiize.     They  ought  in  actual  practice  to 
be  coDniilenibly  larger. 

-  Mark  out  one  or  the  other  term  occonliug  to  drcunutances. 
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No.  of  Case. 

V.  Respiratory  Organs. 

(a)NAiiE8 


(b)  Larynx  and  Tbachea  . 


(c)  LUNG8. 

Left— Weight Pleural  eamty.. 


Eight — Weight Plewral  cavity. , 


VI.  Cavity  of  Abdomen — Contents. 
Peritoneum 


VII.  Gastro-Intestinal  Tract, 
(a)  ToxouE 


(b)  Pharynx.... 

(c)  CESOPHAOUS  . 


(J)  Stomach— Xhameter  of  Pylorus.. 
Diameter  o/eardiae  orifice 


(e)  Small  I.vtestise  . 


(f)  Large  Intestine. 


(g)  Rectum. 


VIIl.  LiTer. 

Weight Oall  bladder  atul  ducts. 
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No.  of  Case. 
IX.  Pancreas. 

Weight 


X.  Gsnito-Urinary  Organs. 
(a)  Kidneys. 
Left — Weight 


Sight —  Weight 


(b)  Pelvis. AND  Ureters. 

(c)  Bladder  and  Urethra. 

(d)  Uterus,  Vaoisa,  Ovaries,  and  Ligaments. 

XI.  Snpra-Renal  Bodies. 

Left  — Weight 

Rigid  — Weight 


XII.  Spleen. 

XIII.  Nervous  System, 
(a)  Head. 
(a)  Scalp 


(\>)  SkwU 

(c)  Membranes  of  Brain. 

(d)  Brain—  Weight 
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Xo.  of  Cat/t. 

(fi)  Spiral  Cakaj.. 

(a)  Spiftt 


(b)  Spinal  CorA  and  Nerve* 

XIV.  Other  Organs 

XT.  Addenda. 

XVl.  Microscopic  Examination. 
X^'II-  Opinion  as  to  Cause  of  Death. 

Form  of  Medico- Leual  Report.' 

26.  The  foregoing  form  can  be  used  for  note-taking  at  any  jiost- 
morUm  examination,  medico-legal  or  not,  but  the  rei>ort  that  ig  sent 
in  to  the  Crowii  authorities  should  not  be  in  this  shape.  A  repoit,  as 
required  in  such  cases,  on  tlio  body  of  a  |)erson  who  difd  from  fracture 
of  the  skull,  is  subjoined,  whicii  may  serve  to  illustrate  the  manner  in 
which  it  should  be  drawn  up. 

Medico-Legal  Report  in  a  case  of  Fracture  of 
the  Skull. 

We  hereby  certify,  on  soul  and  conscience,  that  we  this  day  (Sep- 
tember 20th,  1880)  examined  the  lx>dy  of  a  man  within  the  Koyal 
Infirmary,  E/Jinburgh,  which  wa-s  identified  in  our  presence  as  that  of 

JA5IE.S  Farrkl, 

Itesiding  at  4  Carrubber's  Close,  Edinburgh,  by 

Alexander  Farrel,  brother  of  deceased,  and  Susan  Farrel  or  Kerap,  the 

decea8ed".s  wife. 

ErU-rnitl  ApjieaTftntes. — The  body  was  that  of  a  strongly-built  musLular 
raan,6 1  \  inches  in  height,  and  39  inches  in  circumference  at  the  shouJders. 
It  was  well-uuuriiihed,  the  face  pock-marked,  suidj>ost'morUin  rigidity  was 
eonaiderablo  in  all  the  extremities.  The  dependent  parts  of  the  l^ody, 
M  it  lay  on  its  Iwick,  showed  great  post-nu>rUm  lividity,  and  the  lips, 
aealpt  ears,  and  tips  of  the  fingers,  also  presented  an  extremely  livid 
apprarsnce.  A  stellate  wound  of  the  scalp,  mejisuring  superficially 
one  and  a  half  inch  by  half  an  inch,  was  found  over  the  posterior  part 

'  In  Eogl&tiil  «  K«i><)rt  in  not  oiaiUly  reqnired.  The  medicnl  evideoce  i«  Ukcu  directly 
b)  tb»  anitaNW'liox. 
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of  the  right  parietal  region.  It  passed  down  to  the  bone  so  as  to  f  xpow 
this.  The  hair  gurrounding;  the  wound  was  saturated  with  partially 
dried  blood,  and  several  spots  of  dried  blood  were  also  noticed  uj>on  the 
face  and  neck. 

The  Tledd. — The  loose  tissues  between  the  scalp  and  the  skull  were 
found  to  contain  a  little  recently  extravasated  blood  for  a  distance  of 
about  half  an  inch  to  ati  inch  around  the  wound.  There  was  no  sign 
of  a  bniise  at  any  otlier  part  of  the  scalp. 

An  enormous  recent  clot  of  blood  was  found  covering  the  whole 
loft  hemisphere  of  the  brain  situated  between  the  .^Vrachnoid  and  Dura 
Mater  (two  of  the  membranes  covering  the  brain).  It  measured  one 
quarter  of  an  inch  in  thickness  about  the  middle  of  the  hemisphere. 
The  brain  at  this  part,  and  in  fact  over  the  whole  hemisphere,  wsa 
much  compressed  by  the  effused  blood.  The  opposite  side  of  the  brain, 
although  it  was  free  from  extravasated  blood,  was  very  dry  and  flat- 
tened. Tlie  tip  of  the  left  temporo-sphenoidal  lobe  (the  middle  lolic 
of  the  organ)  was  severely  lacerated  to  a  depth  of  about  one-eighth  to 
oniMiuarter  inch.  A  large  clot  of  blootl  lay  firmly  in  contact  with  iL 
The  interior  of  the  brain  did  nt>t  present  any  abnormality. 

Thr  Sbtll  ha<l  sustaiut-d  a  linear  fracture  of  the  right  half  of  its 
occipital  )>one  which  extended  upward.s  into  tlio  lower  posterior  angle 
of  the  right  parietal  bono.  The  length  of  the  fracture  was  four  and 
a  half  inches.  A  little  recently  extravasated  blood  was  found  within 
the  fissure. 

Tfif  StimMch  smelt  strongly  of  alcohol,  and  contained  about  tlxroe 
ounces  of  hAlf-digested  food. 

Othtr  ortjam  normal. 

Opininn  ii.i  to  Cause  of  Death. — Prom  the  above  examination  we  ore 
of  opinion  that  the  deceased  James  Parrel  died  from  tuemorrhagv 
over  the  brain,  the  result  of  a  fracture  of  the  skull. 


Signed  

(I>o.)  

Edinburgh,  September  20,  1880. 


.,  M.D. 
..  M.D. 


AfSxing^  of  Labels. — Where  it  is  necessary  in  forensic  casae  to 
r<>tain  the  contents  of  the  stomach,  bladder,  etc.,  or  portions  of  organs 
for  analysis  or  further  examination,  they  should  be  placed  in  clean,  un- 
used bottles  or  janu  The  bottles  should  be  sealed,  and  a  laliel  aflixcd, 
descriptive  of  the  contents,  signed  by  the  two  subscribers  to  the  report. 

Littraiun  Tnatiny  ilmmiiiij  »/  l''uit-morltm  BumimUum*. — Babea  (P.  SI.  BT«m. 
will)  a  vi."ii  \n  Biu-t«'Ti.i1<i|nial  r(r«v(rcbl  :  An-lk.  Rniim.  il»  MmI.  ct  Clilr.,  I.  lSa7.  J>-  157. 
Boumeville  and  Bricon  :  Mannr)  Av  Trclmiqite  d««  Autopsies.  I83S.  Harris : 
1  -7.     Ortb  :  <oiNi..iiil  of  IHnj^iiosii  ill  Path,  Anat.  (Eds. 

I  I.     Virchow  :  I'o.t  niortvin  Exiiuiiiatioiu  (fog.  truuL 

\i\  .^Tuiiiii.      Wuuuiic£tti .    i'l.ii-tii-At  I'utliolo^y,  186ri,  \k  1. 


CHAPTER    IV 

PREPAKATION  OF  NAKED-EYE  SPECIMENS  FOR 
MUSEUM  PURPOSES 

26.  Moist  maseum  preparations  are  of  two  kinds: — (1)  Those  which 
are  to  be  used  as  hand  specimens  for  demonstration ;  and  (2)  those 
which  are  to  be  permanently  mounted  in  jars. 

27.  Hand  Preparations. — All  soft  pathological  preparations 
suffer  by  keeping.  Their  colour  fades,  and  hence  one  most  important 
element  in  their  recognition  is  wanting.  The  cause  of  the  colour 
fading  is  chiefly  the  extreme  solubility  of  their  haemoglobin.  If  spirit 
is  employed  as  a  preservative,  they  become  so  rigid  and  so  altered 
in  colour  and  texture,  as,  in  most  cases,  to  be  next  to  useless  for 
teaching  purposes  or  for  future  demonstration.  Several  other  pre- 
servative solutions  have  been  recommended,  such  as  carbolic  acid  and 
glycerine,  corrosive  sublimate  and  glycerine,  etc. 

A  mixture  which  will  be  found  fairly  serviceable  for  the  purpose 
has  the  following  composition  :  * — Make  a  saturated  solution  of  arseni- 
oas  acid  in  water  by  boiling.  Filter,  and,  when  still  warm,  mix 
together  equal  parts  of  this,  of  glycerine,  and  of  methylated  spirit  It 
is  well  to  mix  the  glycerine  and  arsenious  acid  solution,  to  heat  them, 
and  afterwards  to  add  the  spirit.  The  advantages  of  this  liquid  are 
that  it  keeps  the  colour  of  organs  better  than  spirit ;  it  does  not  destroy 
their  pliability  ;  and  it  is  a  good  preservative.  If  several  organs  are 
placed  in  one  jar  they  should  be  separated  by  pieces  of  washed  linen 
cloth,  and  a  piece  of  the  same,  soaked  in  saturated  solution  of  corrosive 
sablimate,  should  be  placed  over  them.  They  should  not  be  steeped 
for  long  in  water  before  being  placed  in  the  preservative  ;  it  is  usually 
sufficient  simply  to  wash  them.  Hearts,  livers,  kidneys,  lungs,  and 
muscular  structures  keep  beautifully  in  it.  When  used  for  demonstra- 
tion, the  organs  ought  first  to  be  washed.     It  should  be  remembered 

*  Dr.  Broce  of  Edinburgh  has  lately  employed  a  solntiou  of  binioflide  of  mercury 
(1  to  500  or  1  to  1000)  with  cousiderable  success  so  far  as  keejiiiig  the  colour  is  concerned. 
Tb«  flnid  should  be  often  changed  at  first. 
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that  this  liquid  is  suitable  only  for  hand  preparations — not  for  tliOM 
mounted  iu  glass  Jars. 

28.  Jar  Preparations. — Organs  wliich  are  to  be  niuunt^l  p«rma- 
nently  in  glass  jars  or  otlter  vessels  in  a  transparent  medium,  mutt 
have  been  previously  soaked  in  a  running  stream  of  water  until  t! 
soluble  colouring  matter  within  them  has  been  entirely  waahcxi  on 
As  soon  after  this  a.s  po.s-sible,  they  have  to  be  suspended  in  »e; 
jars  in  the  particular  liquid  in  which  the}'  arc  to  be  retained. 

If  spirit  is  to  be  employed,  they  should  first  be  hung  in  a  niixtu 
of  1  part  methylated  spirit  to  2  paits  water.     This  must  be  changi 
until  the  preparation  ceases  to  throw  down  any  precipitate.     Wbi 
the  liquid  remains  clean  the  preparation  is  to  l)e  hung  in  the  perm; 
nent  jar  in  a  mixture  of  equal  parts  methylatetl  spirit  and  watcrl 
Care  should  be  t^ken  from  the  very  first  that  the  preparation  haW] 
in  the  position  it  is  ultimately  intended  to  assume,  otherwise  it 
become  irremediably  deformed.     It  is  well  to  fill  the  jar  in  whiclj  it 
is  to  be  placed  first  with  water,  so  as  to  see  that  it  hangs  prop«'rly. 
If  it  does  not  sink  in  the  dilute  spirit  load  it  with  shot,  which  may 
aa  iu  the  most  troublesonic-  organ,  the  lung,  Ixi  easily  coneoalcd  inside. 
Do  not  load  it  with  Anything  composed  of    iron,  as  this  rusts  and 
make*  a  mark.     If  at  any  future  time  a  precipitate  l>e  thrown  down, 
it  can  usually  bo  got  rid  of  by  filtering  through  paper.      The  eori 
of  tissue    that    is    best    preserved    by   spirit  is  one  composed   of 
solid  mass  such  a*  the  liver  or  spleen.     Delicate  thin  tissues  such 
intestine  should  not  lie  placed  in  it,  as  it  causes  them  to  shrink.    If 
dean  slice  of  an  organ  is  desired,  let  it  hung  for  some  time  in 
dilute  spirit,  and  after  it  has  l>ecome  fixed  in  shape  cut  into  it. 

For  mounting  all  delicate  membranous  tissues  and  organs  such  ai 

I  atomach  and  intestine,  bladder,  hydatids,  uterine  moles,  and  myxi> 
matous  tumours  employ  taturaUd  MliUion  of  In/raeic  acid.  The  solution 
is  made  by  boiling  an  excess  and  allowing  the  superfluous  acid  to 
crystallise  out  in  the  cold.  It  is  subsequently  filtered  through  {laper. 
If  a  nitMnbranoua  tissue  is  aliout  to  be  preserved  it  should  be  stret^rhed 
on  a  slip  of  glass  of  suitalile  dimensions,  the  stretching  l)emg  etfccii 
by  stitching  the  edges  round  the  back  of  the  glass.  The  thinnest 
thread  should  be  used.  Tubercular,  typhoid,  and  other  diseased 
testincs  should  b<?  placed  in  long  jai-s.  The  intestine  should  cover  on 
■ido  only  of  the  glass  slip  and  Vie  firmly  stitched  t-o  it,  so  that  it  doe 

^BOt  dangle  alioiit  in  the  li({uid. 

Glycerine  Jelly  for   Mounting  Museum  Preparations. — 

Tliirt  is  one  of  the  most  suitable  media  lor  mounting  toitain  delicate 
organs  such  as  the  eyeball,  brain,  etc:  It  has  the  great  advantage  of 
solidifying  round  the  organ  and  thus  permanently  fixing  it  in  any 
required  position.  The  glycerine  jelly  to  be  used  for  the  puqmso  i» 
differently  composed  fwm  that  employed  for  microscopic  work.  It  is 
made  in  the  following  manner : — 

Take  of  French  gelatine  8  grm.,  glycerine  80  c.c.,  saturated 
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of  bondc  acid,  made  as  just  described,  ^40  cc  saaaL  naase.  naL 
200. 

Soak  the  gelatine  in  the  boradc  acid  sohBioG.  aoi  ran  v.\iM'\\e^ 
ind  the  white  of  one  egg,  and  shake  the  mixnire  utxrM&pIj-  Ba£ 
in  a  water  bath,  and  when  the  white  of  egg  hu  warsr  aH  oeex  pts- 
dpiuted,  mix  the  glacial  acetic  acid.  Coatinae  s>  seal  laxS.  as- 
]»«cipitate  separates  from  the  clear  liquid.  Fiha'  ttmns^a.  vmoa.  £ 
properly  made,  the  jelly,  when  cool,  ooght  to  be  perteesij  2s3Hsarsis 
and  almost  colourless  even  when  in  a  large  mass. 

Carbolic  acid  is  frequently  reeommended  as  a  coBfCcaec  'y[  crasfse 
jelly  when  employed  for  the  present  poipoee.  It  is  dkadwassuKiis  frun. 
being  volatile,  and  from  its  bleaching  any  prep&radoo  itafsted  wss.  oc- 
mine.  Boracic  acid  is  suflSdently  antiseptic  to  preTsi:  ue  Asasae  cr 
the  preparation  from  going  wrong. 

After  soaking  out  all  the  blood  in  water,  plaice  :b»  ^zasae^  tr- 
liminary  to  mounting,  in  a  mixture  of  1  part  ^eeczjt  acd  i  ^ors 
latnrated  boracic  acid  solution.  It  should  He  in  ths  for  a  ir.rsEssrz. 
or  so  until  the  solution  has  thoroughly  penenaud.  az>i  czizl  ?ce 
I^paration  ceases  to  soil  the  liquid.  Change  the  Isq^i  as  vaez.  w 
it  becomes  discoloured. 

onUSS  SUITABLE  FOR  MOUSTISG  IS  GLT'.EELS'I  JELLY. 

29.  A.  Ophthalmic  Specimens.  —  Dr.  Priestly  -Smhii  grres 
the  following  directions  (No.  6,  l.S*0.  L  j«.  .52  .  Tr*  c-eda 
required  are — (<i)  Miiller's  fluid ;  ('<)  Chloral  hydraw.  1  i::  i'O  :  ' : 
Glycerine  and  water,  1  in  4 ;  (</)  Glycerine  and  water.  1  ir.  i : 
(')  Glycerine  jelly,  made  by  soaking  1  yan  best  Freiich  eeli?£i,* 
(Coignet  &  Co.,  Paris,  "gold  label,")  in  6  parts  water  until  swollet. : 
heat  and  mix  with  it  6  parts  glycerine :  add  a  few  diow  s^TiiKtfi 
solution  of  carbolic  acid,  and  filter  hot  through  white  blottin*  paper : 
(/)  A  thick  cement  made  with  oxide  of  zinc  and  copal  vamLsb. 

Immediately   after   excision   the   eyeball   is   placed   onope.'jed   bi 

Mfiiler's  fluid   for  three  weeks,   light  being  excluded.     It  is  froarn 

solid  and  cut.     It  is  next  immersed  in  the  chloral  solution  for  son-e 

weeks,  until  all  colour  has  been  removed,  still  exclu<ling  tie  iiz?^.- 

It  is  next  put  for  twenty-four  hours  or  longer  in  the  weak  glyoerirje 

solution  (c),  and  is  subsequently  transferred  for  a  similar  period  to  the 

strong,  after  which  it  may  be  mounted  in  the  glycerine  jeUy  without 

shrinking.     It  ought  to  be  held  in  position  until  fixed.     When  the 

jeUy  is  cold  and  firmly  coagulated,  it  is  to  be  coated  over  with  the 

white  cement,  and  this  again  when  dry  with  glycerine  jelly  to  prevent 

cracking. 

The  receipt  for    glycerine  jelly  previously  given  (Sect  2ii)  will 
answer  equally  well,  and  is  much  more  transparent. 

30.  B.  BrailL — Where  brain  has  to  be  retained  in  a  thick  slice, 
glycerine  jelly  is  much  the  best  medium  to  mount  it  in.     It  is  first 
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hardened  in  Miiller's  fluid  in  the  manner  described  in  Chapter  V. 

The  Miiller's  fluid  is  next  soaked  out  of  it  by  steeping  in  sotatioD  of 
sugar  of  greater  sjiecific  gravity  than  the  Miiller's  fluid,  and  chsoging 
frequently,  until  all  discoloration  disappears.  The  segment  tu  b«  pnr- 
servcd  should  be  an  entire  section.  The  slice  of  brain  freed  from  it« 
Miiller's  fluid  is  now  placed  for  at  least  a  week,  but  longer  if  possible, 
in  freezing  fluid  "  B  "  (Sect.  37).  When  ready  it  is  frozen  in  the  large 
microtome  (Sect.  39),  and  the  surface  is  polished  by  shaving  it  like  a 
piece  of  wood.  Tlie  j»articular  level  which  shows  the  lesion  best  can 
tlius  be  exposed  witli  the  utmost  nicety.  The  prc[)aration  ought  now 
to  be  stained  by  placing  it  in  the  carmine  staining  fluid  "o"  (Sect.  43). 
The  staining  must  be  done  ver}'  carefully  the  preparation  licing  examined 
day  by  day  until  the  reriuisite  tint  is  attained,  and  should  not  be  too 
deep.  It  shotdd  be  thoroughly  covered  by  the  liquid,  otherwise  the 
staining  will  be  partial.  As  a  rule,  three  to  four  days  is  sufficient  time. 
From  the  staining  li<iuid  it  is  momentarily  transferred  to  water 
a  piece  of  glass,  and  is  sul>sequently  placed  in  the  boracic  acid  and 
glycerine  mixture  previously  nientione<l  (Sect.  28).  Here  it  must  lie 
fur  three  to  four  days  or  longer,  and  if  any  carmine  exudes  into  th*. 
liquid  the  latter  should  be  renewed. 

It  is  now  ready  for  mounting.  On  the  surface  of  a  piece 
ordinary  thick  window  glass  fasten  four  Btri|>s  of  plate  glass  1  ioell 
in  breadth,  with  zinc  cement  (Sect.  4G),  in  the  fonn  of  a  square  or 
other  riuadrilatoral  figure,  their  broad  surfaces  being  downwards  iCun 
a  little  cement  into  the  Assures  between  the  pieces  of  glass,  and  alio' 
it  to  dry.  The  size  c»f  the  cell  may  var_v  according  to  the  tliinensioi 
of  the  prepinition,  and  t«x)  wide  a  margin  should  not  be  left,  as 
causes  a  needless  waste  of  glycerine  jelly.  As  a  rule,  a  border  1  iu 
wide  is  sufticient.  If  a  single  tliickness  of  plate  glass  is  not  ituificicnt' 
to  free  the  upia»r  surface  of  the  preparation  from  the  cover,  cement  a 
second  strip  on  the  top  of  the  flrst  Take  care  that  the  cement  nms 
into  all  the  flssuree,  and,  in  order  to  be  doubl}'  certain,  it  is  well  to  put 
on  un  iuMitioiial  coating  of  zinc  cement  %vhcn  the  first  is  dry. 

Pour  into  the  cell  sufticient  glycerine  jell}",  made  according  to  th' 
receipt  in  Section  28,  to  half  fill  it,  and  draw  out  any  air  bells  with 
camel's  hair  |xincil.  liemove  the  section  of  bntin  on  a  piece  of  glass 
from  the  boracic  acid  and  glycerine  in  which  it  is  at  present  lying 
Allow  it  to  drip  for  a  few  mitmtes,  and  afterMards  shp  it  gradually 
into  the  contents  of  the  ccU,  in  a  slanting  manner,  so  as  to  exclude 
•11  air.  Fix  it  in  the  exact  position  required,  and  fill  the  cell  with 
glycerine  jelly  as  nearly  to  the  top  as  possible.  It  is  of  advantage  to 
place  the  cell  u|M>n  a  levelling  tripod  in  order  to  fill  it  etpially.  Let 
the  section  remain  fur  a  night  in  this  condition  so  as  to  solidify,  taking 
care  to  exclude  dust^ 

Next  morning,  with  a  camel's  hair  brush,  coat  the  surface  nf  ib« 
glycerine  jelly  with  the  boracic  acid  and  glycerine  mixture,  and 
allow  the  superfluous  liquor  to  ran  off.     Prepare  a  cover  made  of 
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leet  of  common  thick  wndow  glfiss,  so  large  that  it  extends  half- 
ray  over  the  wall  of  the  cell.  With  a  large  pipette  allow  some 
lelted  glycerine  jelJy  to  nin  over  the  surface  of  that  which  has 
r«olidified.  Slip  on  the  cover  glass,  and  leave  the  preparation  to  cool. 
When  the  jelly  ha»  thoroughly  set.  clean  all  off  up  to  the  edge  of  the 
>ver,  and  c«mcnt  the  edges  with  asphalt  as  follows ; — Roll  out  some 
jick  slabs  of  clay  and  cut  several  strips  ahout  1  inch  broad,  longer 
Uuui  either  of  the  four  side*  of  the  cell.  Join  these  romid  the  cell  at 
a  distance  of  al)out  half  an  inch  from  its  edge,  and  into  the  space  so 
enclosed  pour  the  asphalt  recommended  in  Section  32,  at  as  low  a 
Jidinperature  as  is  consistent  with  its  melting.  The  asphalt  should 
sdlowcd  to  include  the  edge  of  the  cover-glass  for  a  distance  of 
lilt  a  quarter  of  an  inch.  When  the  asphalt  has  hardened  and 
loroughly  cooled  (two  to  three  hours  or  longer),  the  clay  walla  are 
be  removed,  and  the  whole  prepiwation  washed.  E.xamiue  it  care- 
illy  all  round,  to  see  if  there  are  any  uncovered  points.  If  so,  a  little 
asphalt  may  be  run  in  or  the  part  touched  with  a  hot  spatula. 
Thp  preparation  is  thus  included  iu  a  ])erfectly  air-tight  chamber, 
and  no  further  trouble  will  bo  experienced  with  it,  provided  it  is  not 
kept  in  too  warm  a  situation  or  in  the  direct  sun's  rays. 

If  it  is  de-sirable  to  show  Ixjlh  sides  of  the  preparation,  each,  of 
jursc,  requires  to  be  i>olished  in  the  freezer;  Init  if  this  is  not  desir- 
khle,  the  back  of  the  slide  on  which  the  ])reiwration  is  mounted  is  to 
Ixj  oated  with  "BrunsAvick  black,"  and  the  sides  of  the  cell,  including 
the  asphalt  and  the  etlges  and  back  of  the  slide,  are  finally  to  \m 
covered  with  paper.  It  should  now  Xm  framed  jmd  hung  in  a  good 
jht  on  a  wall,  or  placed  in  a  ca.so  in  the  museum. 

31.  Giacomini's  Method  for  Preserving  Brain. — This  is  a 
iicthod  for  preserving  brain  in  an  entire  stiite  so  that  it  may  be 
Itiiised  as  a  hand  specimen.     It  is  useful  merely  as  a  means  of  show- 
the  exterior.     It  is  not  suited  for  demonstrating  the  cut  surface 
'trf  inierail  part^. 

The  procedure  (No.  26,  1878;  and  No.  5,  xiii.  p.  282)  consists  of 

■tages.     In  Stage  I.  the  brain,  obtained  as  fresh  as  possible,  is 

Bened  in  saturated  solution  of  chloride  of  zinc.     It  floats  with  the 

faco  slightly  above  the  fluid,  and   nuist,  consequently,  be  turned 

EWrsral  times  dsiily,  in  order  that  everj'  part  may  come  in  contact  with 

the  fluid.     If  the  subject  has  been  dead  for  some  time,  600  grms.  of 

_the  liquid  are  injected  through  the  carotids,  under  slight  pressure, 

ad   before  the  organ  has  been  removed.     This  renders  the  organ 

Itomewbat  firm,  so  that  it  can  be  handled  with  less  danger  of  injury. 

Iu  forty-eight  hours  the  membranes  are  to  be  taken  off,  and  while 

(doing  so  the  brain  should  be  kept  floating  in  the  lii(uid  or  in  water. 

It  ia  allowed  to  renuiin  in  the  solution  until  it  begins  to  sink,  but  no 

wgcr,  and    is   next   immersed  in  alcohol  for  ten  to   twelve  days. 

the  6rst  stage  ends. 

II  consists  in  soaking  the  brain  in  glycerine,  to  which  may 
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be  lidded  1  per  cent  of  carbolic  acid.  It  floats  at  first,  but  u  the 
glycerine  is  imbibed,  it  gradually  sinks.  It  is  now  set  aside  for 
several  days  until  tbo  surface  becomes  dry,  and  is  subsequently  pro- 
tected from  dust  and  injury  by  a  coating  of  gum  elastic  Tarnish  or 
marine  glue  «!il«tcd  with  .ilcohol. 

32.  Gelatine-Potash  Method  for  Preparing  Large  Naked- 
eye  Sections  of  Brain. — This  process  was  formerly  published  by 
the  author  in  "  Brain  "  for  July  1883.     Since  then,  howevt-r,  seve 
important  modifications  have  been  made  in  it,  which  are  include*! 
the  present  description.     It  is  specially  recommended  for  the  study 
the  normal  brain  and  for  that  of  all  morbid  brains  where  the  leaii 
is  perceptible  with  unaided  vision. 

(a)  Ilardenintj. — The  brain  is  to  be  hardened  by  injecting  it  with 
Mtiller's  fluid  in  the  manner  recommended  in  Chapter  V.     When  it 
has  become  sufficiently  tough  (two  to  throe  months)  it  is  cut  into  slices 
of  such  thickness  that  tliey  will  easily  get  into  the  woU  of  the  lifge 
freezing  microtome  (Sect.  39).     They  should  be  as  thick  as  possible, 
in  this  way  there  will  be  fewer  breaks  in  a  continuous  series.    Thi 
must  not  be  placed  in  spirit  of  any  description.    Tho  thick  slices 
laid,  without   being  freed  from  the   Miiller's  fluid,  in   "  B "  freorii 
solution  (Sect  37),  and  are  retained  in  this  permanently.    They  must 
not  l>e  cut  for  at  least  a  fortnight  after  being  immerseil  in  it,  and  «re 
all  the  better  for  being  left  much  longer. 

(b)  CuUint). — Sections  arc  next  cut  from  them  in  the  large  mii 
tome,  in  the  manner  detailed  in  describing  it,  groat  care  lieing  tokei 
while  freezing,  to  brush  the  surface  with  mucilage,  and  to  pad 
space  between  the  front  of  the  segment  of  brain  and  the  microi 
with  freezing  fluid  "A"  (Sect,  37).     Oum  does  not  suit  for  this  paqxwe, 
as  it  forms  too  hard  a  mass  to  cut  through  and  is  liable  tx)  split, 
the  section,  instead  of  landing  in  the  basin  in  front,  sticks  to  tiie  blad( 
it  is  nut  sufficiently  frozen,  and  more  snow  and  salt  nnut  1h3  ])lnced 
the  freezing  l>ox  and  firmly  jmcked  under  the  stage.      It  should  j 
form  one  revolution  and  land  on  the  siirface  of  the  liciuid,  if  eve 
thing  is  working  properly.      If  this  were  not  so,  nearly  every  secti 
would  be  mutilated  in  endeavouring  to  s])read  it  out.     If  it  curls 
in  the  li<|uid,  it  should,  when  it  has  thawed,  l>e  unfolded,  with  V 
large  camel's  hair  brushes. 

The  liquid  to  l)0  placed  in  the  trough  in  front  for  tlic  purpoee 
receiving  the  section  should  not  be  water,  but  a  B)Tup  whose  speci 
gnivity  is  as  great  or  greater  than  th.it  of  the  freezing  fluid  in  which 
it  has  been  soaked.     If  water  is   used,   the  section   will  swell   and 
become  irregular. 

(f)  KmMdiiu)  in  Gdntinr. — Before  cutting  the  section  a  piece 
common  windr>w  glass  without  flaws,  1 2  by  11  inches  in  size,  is  covered 
with  a  solution  of  gelatine  made  by  steeping  French  gelatine  in  water 
(or  ten  minutes,  melting  it,  and  adding  an  L^jual  bulk  of  water  with 
sufficient  carbolic  acid  to  raise  the  whole  up  to  a  1  to  40  solution.    Tbo 
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carb«>lic  acid  should  be  thoroughly  dissolved  in  the  water  before  being 
Mided.  The  best  way  t<>  spread  the  gelatine  over  the  plate  is  to 
pour  it  on  rapidly  with  a  large  pipette.  This  gelatinised  plate,  when 
the  gelatine  has  set,  is  moistened  under  a  running  stream  of  water. 
All  air-bells,  which  may  be  adiiering  to  its  surface,  are  to  be  removed, 
Mid  it  is  subsequently  to  be  placed  in  the  bottom  of  the  trough, 
tminerMHl  in  the  sugar  solution.  As  it  is  somewhat  difficult  to  catch 
bold  of  the  glass  plate  when  it  rests  directly  upon  the  bottom,  it  is 
well  to  aeparate  them  l)y  two  small  pieces  of  glass. 

The  cut  section  usually  floats  on  the  surface  of  the  liquid.     The 
plat«  of  glass  is  now  lifted  up  with  the  preparation  upon  it,  and  is  set 
.tride  in  a  gently  sloping  position  for  half  an  hour  or  so,  until  all  the 
nperfluous  liquid  has  run  off,  and  until  the  section  has  become  slightly 
KMldeu.    If  successful!}'  accompliahed,  the  position  of  the  parts  ought 
t»  h*  exactly  that  which  they  had  before  being  cut.    Where  a  scries  is 
haiag  cut  they  should  be  laid  down  in  regular  order,  but  it  is  not 
oaoMMry  to  label  them  as  yet.     The  same  gelatine  solution  as  that 
brfofe  described  is  now  dropped  on  to  the  section  and  for  about  an 
Inch  round  it,  at  a  pretty  high  temperature.     The  higher  the  tem- 
Lj»rature,  provided  it  has  not  actually  reached  boiling  jK>infc,  the  better 
**lrfll  the  one  layer  of  gelatine  become  incorporated  with  the  other. 
The  section  has  now  been  enclosed  alxivo  and  below  in  a  gelatine  cas- 
ing, an<l  is  free  from  much  chance  of  being  injured. 

Tlie  preparations  are  next  labelled  and  left  exposed  to  the  air  until 
the  gelatine  and  enclosed  brain  arc  perfectly  dry  and  transparent  This 
tt»UiJly  requires  from  three  to  four  days,  dej>ending  upon  the  tempera- 
ture at  the  time.  They  should  never  lie  in  the  direct  rays  of  the  sun, 
or  too  near  any  other  source  of  heat 

When  thoroughly  drj-  the  label  is  smeared  with  lard  to  prevent 
il  coming  otf,  and  the  plate  with  the  section  adhering  to  it  is 
immeraed  in  a  bath  of  1  part  Liquor  Potasstc  (Phar.  Brit.)  and  2 
parU  water,  where  it  is  to  soak  for  from  one  to  two  hours.  After 
this  Um  plates  are  removed  and  turned  up  so  as  to  allow  the  extra 
potaxh  solution  to  run  into  some  suitable  vesseL  With  a  sharp  sraall- 
bladed  knife  an  incision  is  made  into  the  gelatine  all  round  the  section 
•t  a  diatance  of  about  1  inch  from  the  side.  If  it  itas  been  soaked 
loog  enough,  the  preparation  should  now  strip  ofl"  with  very  little 
tnctioo.  If  it  does  not,  then  it  must  be  returned  to  the  solution  of 
potaab,  and  on  no  account  should  it  be  attempted  to  forcibly  drag  it  oflP. 
ukb  KUTOuniling  gelatine  which  ha.s  not  been  required  may  be  washed 
ia  •  running  !*tre;»m  of  water  and  utilised  in  making  glycerine  jelly. 

Tim  prt?p*ration  is  next  laid  on  tli«  back  of  the  slide  and  allowed 
attain  to  dry,  being  frequently  turned  so  as  to  prevent  it  adhering. 
When  dry,  a  piece  of  vncoloured  thin  twine  is  passed  through  an  eyelet 
iiuerted  in  the  surrounding  mai;gin  of  gelatine,  with  a  label  affixed  to 
it,  indicating  the  particular  series  to  which  it  belongs  and  the  number 
ia  that  wriea. 
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So  for,  the  preparation  is  perfectly  safe  and  can  be  kept  indefiniteljr 
in  tilts  dried  state,  until  such  time  as  it  tatty  be  conveaient  to  expand 
luid  uiuunt  it. 

((/)  Strd(hing. — The  gelatine,  on  account  of  the  potash  it  contAint, 
has  now  become  so  hygroscopic  that  if  placed  in  water  it  will  expand 
to  noarly  double  its  size,  and,  at  the  same  time,  the  cont«ine«l  s««lion 
will  be  stretched  to  a  corresponding  degroa  As  the  wat«r  nishea  in 
it  also  differentiates  the  gray  from  the  white  matter  in  a  most  remark- 
able manner. 

Wuter  may  be  employed  as  the  expanding  agent,  but  Miiller's  floid 
is  profentble.  It  is  pref<-rable  because  it  cannot  expand  Uie  preparation 
too  much  nor  irregularly ;  it  defines  the  gray  and  white  matters  better ; 
and  lastly,  but  not  of  least  importance,  it  removes  any  insoluble  deposit 
which  may  have  been  thrown  down  in  the  gelatine.  The  sections  ought 
to  be  left  in  a  flat  porcelain  trough  for  a  night  tlioroughly  covered  by 
the  Miiller's  fluid,  the  labels  being  allowed  to  hang  over  the  side. 
They  are  afterwards  placed  in  a  running  stream  of  water,  until  all  trace 
of  the  Miiller's  fluid  has  vanished.  The  supply  of  water  should  bo  frc^^ 
and  where  a  number  of  jireparations  are  lying  together,  tlieir  position 
should  bo  altered  from  time  to  time,  so  us  to  get  rid  of  the  colour  m 
soon  as  possible.  It  usually  requires  a1x)ut  two  hours  ;  and  as  aoon  •■ 
this  has  been  done  they  are  laid  in  a  mass  on  a  sloping  surface  so  ■* 
to  drain  ofT  as  much  of  the  water  as  possible. 

(«)  Muanluuj. — They  are  next  immersed  again  in  the  mixture  of 
Liquor  Potassfe  and  water  (1  lo  i)  and  allowed  to  remain  for  aljout  an 
hour  and  a  half.  The  greatest  care,  however,  should  be  exercised, 
that  they  do  not  remain  beyond  this,  as  the  gelatine  will  beoone 
softened  and  the  preparation  so  ruined.  What  is  required  is  to  g«t 
the  exquisite  transparency  which  this  procedure  occasions.  As  soon 
as  this  is  obtained  they  are  to  be  withdrawn  on  a  clean  sheet  of  glass. 
Thf  tie-lain;!  is  now  cut  off,  and,  as  the  pre|^aration  is  to  be  pemua- 
eutly  mounted  on  this  slide,  a  fresh  one  is  gummed  on  to  one  of  its 
corners.  The  slide  is  placed  in  a  sloping  position ;  and  as  soon  m 
oU  the  extra  liquid  has  l)e«n  removed,  the  preparation  is  corerad 
with  the  folloM-ing  glycerine  jelly  dropped  on  at  a  low  temperators 
(80*  to  90'  F.)  with  a  pipette:  — 

Souk  French  gelatine  in  water  for  ten  minutes.  Melt  in  a  wster 
linth  and  to  20  oi.  of  this  udd  20  oz.  of  water.  To  40  oz.  glycerine 
add  1 }  oz.  liquid  carbolic  acid,  and  stir  this  gradually  into  the  gelatine 
solution.     Filter  through  sieve  cloth. 

When  the  glycerine  jelly  has  thoroughly  set,  grease  the  label  with 
lard  as  before,  and  phice  in  on  alkaline  bath  having  this  oomjioaition, — 

fllycei-ine  .....  1  ji.nrt. 

Lif|.  Fotassffi  (Phar.  Brit)  .2  parts. 

Add  Carbolic  Acid  in  proportion  of   .         1  to  40  part.s. 

Allow  tbom  to  remain  for  at  least  twelve  hours  in  this.     They  take  no 
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hami  if  they  are  left  for  twenty-four  honrs.     Remove  the  slides  and 
pUce  them  upright  over  a  vessel  auitfid  to  catch  the  superfluous  liquid. 

With  a  fine  sinall  scalpel  cut  all  round  the  section,  us  dosf  into  ils 
margia  <m  pomllr,  and  strij*  off  the  surrounding  glycerine  jelly.  Make 
■n  add  glycerine  jelly  by  adding  half  a  druchm  of  glacial  acetic  acid  to 
u  ounce  of  the  jelly  just  recommended,  and  with  a  small  pipett*,  run 
a  narrow  margin  of  this  round  the  edge  of  the  [ireparation — not  over 
it,  hut  in  immediate  contact.  Allow  it  to  remain  for  half-an-hour, 
and  subsequently  wash  off  with  a  large,  caniel's-hair  brush  and  hot 
mtXjdt,  taking  care  that  in  washing  none  of  the  water  flows  over  the 
preparation.  The  object  of  using  the  acid  glycerine  jelly  is  to  prevent 
s  white  deposit  taking  place  at  the  margin.  For  some  unknown  reason 
■  precipitate  always  forms  in  tliis  situation,  and  seems  to  be  duo  to  an 
insoluble  carbonate.  The  procedure  descrilred  eH"ectually  prevents  it 
forming,  aa  it  sets  free  the  carbonic  acid  at  the  margin  with  etfer- 
tcacence. 

Vhy  the  glass  plate  and  next  nm  round  the  margin  of  the  prepara- 
tion vufficient  ordinary  glycerine  jelly,  to  lie  beyond  the  edge  of  the 
cover-glan  when  this  is  applied,  ])ouring  it  on  until  it  is  at  the  same 
IbtcI  as  the  surface  of  the  preparation.  Let  it  thoroughly  gelatinise, 
uui  now  the  preparation  is  ready  for  covering. 

With  a  large,  camel's-hair  brush  moisten  the  whole  surface  of  the 
preparation  with  equal  parts  of  glycerine,  water,  and  carbolic  acid 
op  to  1  in  40.  Clean  another  piece  of  window  glass  as  a  cover,  con- 
ibly  larger  than  the  preparation,  and  l>rush  over  the  lower  surface 
the  same.  With  a  large  pi|jette  pour  a  quantity  of  glycerine  jelly 
over  the  preparation.  .Mlow  one  edge  of  the  cover  to  come  in  contact 
with  it  first,  and  gratlually  bring  the  remainder  of  the  cover  down  over 
the  aurfiice.  Hold  in  position  for  a  minute  or  so  until  the  glycerine 
jdly  Holidifics. 

(/)  Cementiiuj. — So  far  as  the  mounting  of  the  preparation  goes,  all 
is  now  finished,  but  a  most  important  part  of  the  technique  remains  to 
be  carried  out,  namely,  the  cementing  of  the  edges.  The  accomjilish- 
ment  of  this  is  more  trouWesome  than  any  other  stage  in  the  process, 
and  oat  of  all  the  imaginable  methods  that  have  been  tried  there  is 
only  one  which  is  ctfectual.  The  difiiculty  is  that  when  the  cover  is 
retained  with  any  of  the  usual  cements,  the  preparation  sucks  in  air, 
and  the  cover  glass  or  slide  crack.s.  Some  of  them  hold,  but  the 
majority  in  couroe  of  time  give  way.    From  these  causes  many  beautiful 

ciroens  may  Iw  lost. 

The  method  consists  in  cutting  off  the  superfluous  glycerine  jelly 

tide  tlin  cover,  and  in  washing  the  whole  slide  and  cover  <]uite 

dean.     This  vnut   be  dune  within  twenty-four  hours.     The  slide  is 

thoroughly  dried,  and  a  strip  of  clay  is  next  laid  all  round  the 

er  glaas  at  a  distance  of  half  an  inch  from  its  border.  Into  the 
tnoch  so  formed  me)t«d  asphalt  is  poured  composed  of  pitch,  sand, 
and  aboat  1  part  of  Archangel  tar  to  8  of  pitch.     It  does  quite  well 
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without  the  saud,  but  as  this  increases  the  bulk  and  does  not  destroy 
the  efficacy  of  the  asphalt,  it  may  be  added.  It  is  melted  in  a  shallow 
ladle,  such  as  that  employed  by  pliunbers  for  lead,  and  is  nin  fnr  a 
short  way  over  the  cover  glass  as  well  as  into  the  trench.  It  solidifiita 
almost  immediately,  but  it  is  better  not  to  touch  it  for  several  huura. 
The  clay  is  then  removed  and  the  slide  washed. 

(ff)  Finishing. — The  whole  slide  should  now  be  neatly  covered  in 
with  a  tinted  wall-i>ai)er,  as  this  eifectually  prevents  the  asphalt  from 
iuJhering  to  any  adjacent  object.  Each  set  of  preparations  should  havt- 
a  pafwr  of  a  distinctive  tint,  and  a  label  must,  of  course,  be  affixed. 

Such  gelatine-potash  preparations  may  be  viewed  in  two  waja, 
either  as  opaque  or  us  transparent  objects.  Of  the  two,  the  ojia<|U<.' 
are  preferable  for  the  middle  third  of  the  brain,  that  is  to  say,  fur  the 
|>arta  about  the  basal  ganglia,  but  in  front  and  behind  this  they  are 
better  to  be  tninspareiit. 

To  mitkc  an  oiuique  preparation  the  back  of  the  slide  shoniil  b« 
coated  with  Brunswick  black  before  covering  with  paper.  Some  of 
the  preparations  mounted  in  the  alK)ve  method  are  clear  enough  to  be 
examined  as  transjiarent  objects  ;  but  if  it  be  desired,  for  instance,  to 
show  the  Gratiolet's  ojjtic  ratliation  band  in  the  parieto-occi|>ital 
region,  it  is  necessary  to  make  the  sections  transparent  by  the  following 
means  : — 

(A)  Transparent  Prtiparatims. — The  process  is  alUce  up  to  the  stage 
at  which  the  cover  glass  is  alniut  to  be  put  on.     Instead  of  covering 
the  preparation  at  once,  as  is  done   when  the  preparation  is  to  be 
opu«|ue,  it  is  allowed  to  dry  for  a  fortnight  or  three  weeks  in  some 
cliantlter  protected  from  dust.     The  glycerine  which  it  contains  prevents 
it  from  drying  completely,  but  the  water  will  in  great  part  evuponste 
and  leave  the  section  perfectly  clear,  in  fact  too  transparent  to  bring 
out  its  be4it  points.    It  i«t  now,  however,  brushed  over  with  the  glycerine,     ^ 
water,  and  carlwlic  acid  mixture,  and  mounted  as  before.     This  cauaM^H 
the  natural  opacity  of  the  white  matter  in   part  to  return,   but  S^^H 
delicflU^ly  that  light  easily  pa<»e9  through  it. 

{k)  Conrludiug  lUinarh. — The  process  may  seem  complicatetl  to  any 
one  reading  a  description  of  it  for  the  first  time,  and  the  reason  for  all 
the  stages  may  not  be  apparent  to  one  unversed  in  the  difficulties  which 
beeet  the  path  at  every  turning.  The  reader  may  be  assured,  however, 
that  there  is  a  reason  for  every  step  in  the  procedure,  and  that  unlesa 
he  follows  out  the  foregoing  directions  to  the  letter  he  will  certainly 
meet  with  disaiipointment.  The  result  when  successful  is  ample  reward 
for  ail  the  trouble. 

33.  Vessels  for  Mounting  Preparations. — Of  all  ijUm  pn- 
partition  jars,  that  deviseil  by  the  lute  Professor  Goodsir  seems  to  be 
by  far  the  most  soniceablcv  It  is  a  plain  round  jar  with  a  ground  top, 
to  which  a  glass  cover  is  accurately  fitted.  A  metal  band  abtjut 
one-quarter  inch  wide  runs  round  the  edge  whore  the  two  meet,  and 
oflToctually  prevents  the  cover  slipping.     When  about  to  be  osod  tbo 
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hoDovr  of  the  metal  band  should  be  filled  with  lard.  The  band  should 
then  Ijc  slipped  over  the  edge,  and  the  superfluous  lard  removed.  The 
atlviLntages  possessed  by  this  jar  are  that  it  is  very  sightly ;  the  lid 
can  be  removed  at  any  time,  and  is  easily  readjusted ;  and  it  has  no 
tendency  to  crack.  The  raetal  band  should  be  coated  with  Brunswick 
bla*;k  to  prevent  its  corroding.  There  are  two  little  notches  within  the 
jar  into  which  a  piece  of  cane  should  be  slipped.  The  preparation  is 
slung  by  the  thinnest  thread,  and  this  is  not  to  be  tied  to  the  cane 
bat  inserted  into  slits  in  its  side.  The  preparation  should  be  hung 
by  two  separate  threads  attached  to  ditlerent  parts,  as  otherwise  it  is 
y  difficult  to  turn  it  when  in  the  liquid. 

Flatsidtd  jars  are  now  common  in  several  museums,  and  are  pre- 
fem'd  by  many  cui'ators.     Biuins  maile  of  earthemrarc  or  glass  are  very 
tuefal    for  mounting  large  preparations  such   as   those  of  the  heart, 
lir«ir,    and   lungs,    dissections   of  large   vessels,   muscles,   etc.      The 
preparation  i.%  lixed  in  position  by  means  of  plaster  of  Paris,  which  is 
poured   in  until  it  rises   to  the  proper  level      If   tlie  Jiasin  is  now 
alighlly  shaken,  the  ph-wter  will  settle  at  a  uniform  le\el.     Tlie  cover- 
glass  is  made  of  plate  glass,  and  is  verj'  liable  to  crack  with  changes 
of  temperature,  and,  moreover,  it  is  difficult  to  cement  it  on  to  the 
gnond  lodge  of  the  jar  so  as  to  prevent  liquids  in  course  of  time 
OOiring  out  when  the  jar  is  inclined.     The  1>est  cement  for  the  pur- 
pMe  ii  made  of  a   mixture  of  gold  size  and  red  lead  (Sj-niingtun). 
iWgDld  size  is  evaporated  down  until  it  becomes  considerably  tliicker 
tl»n  it  is  naturally,  and  is  then  made  into  a  paste  with  red  lead.     It 
hinicns  within  a  week,  so  that  the  basins  can  by  that  time  be  filled 
witli  spirit  and  inclined  at  the  angle  most  suitable  to  show  them. 
The  wlges  of  the  jar  and  cover  should  subsequently  be  varnished  with 
"line  cement  (Sect.  46). 

A  much  better  method,  however,  in  order  to  avoid  the  difficulty 
of  preventing  the  liquid  from  oozing  out,  is  to  mount  the  preparation 
in  (.'tyct-riue  jelly  (Sect.  28).  This  not  only  fixes  the  preparation,  but, 
ijf  tdurse,  when  solid,  gives  no  further  trouble. 

;i».  Painting  of  Museum  Preparations.  —  It  is  sometimes 
denirable  to  colour  blood-vessels  of  distinctive  tints  in  a  jar  preparation 
in  order  to  catch  the  eye  of  the  observer.  If  the  prejjaration  is  mounted 
ID  «pirit  this  can  be  done  very  readily  by  means  of  ordinary  metallic 
raler  colours  mixed  with  guoL  The  preparation  should  be  hung  up 
for  a  little  untU  any  .superfluous  licpiid  has  run  off.  The  colours 
ve  then  easily  painted  on  with  a  sable-hair  brush. 

HaBmorrhages  and  other  discolorations  may  thus  often  be  restored 
to  great  advantage:  If  the  preparation  is  mounted  in  any  medium 
which  will  dissolve  the  water-colour,  a  mixture  of  oil  paint  and  gold- 
size  will  V»e  found  useful.  Spirit  preparations  are,  however,  always 
the  most  satisfactory  for  painting. 
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85.  Wr  huve  already  (Chap.  III.)  seen  Iiow  to  examine  the 
microscopically    wlntn   fresh.      In   order   to   proceed    to    its   fu 
microscopic   exaiuitiution,    it   is    necessary    to   employ   some 
which  ^*nll   render   it   easier    to   cut   into    thin    sections,  which 
make  it  imjienious  to  media  of  different  densities  in  which  it  may 
moanted,  and  which  will  bring  its  histological  elements  better  into  >-ie 
Exiierience  teaches  that  in  hardening  )>athological  tissues  only  a  I 
reagents  are  necessary. 

36.  Reagents. — It  is  very  difficult,  much  more  so  than  in  normal  1 
tolog}',  to  s:iy  wh.it  media  are  the  Wst  for  hardening  jKirticular  mor 
tissues,  but  the  followinfj  general  rules  will  l»e  found  serviceable  as  a 
guide.  (1)  If  tlio  tissue  i.s  tough,  such  as  a  scirrhous  tumour,  a  cirrhotic 
liver  or  kidney,  or  a  myoma ;  or  if  it  is  to  be  stained  with  logwood  or 
an  aniline  dye,  harden  in  spirit.  (2)  If  it  is  of  delicate  texture,  sricb  •• 
a  myxomatous  sarcoma,  »n  oedematous  fibrous  tissue,  brain,  or  spinal 
cord,  place  it  in  Miiller's  fluid  alone,  or  this,  followed  in  three  wceka 
or  so  by  spirit.  Miiller's  fluid  |>reparations  also  stain  well  with  log- 
wood. (3)  If  it  be  a  preparation  of  the  retina,  employ  a  mixture  of 
Miiller's  fluid  and  spirit.  (4)  In  a  few  diseases  of  the  lung,  such  u 
emphysema  and  anthracosis,  employ  a  solution  of  chromic  acid.  It 
will  l»e  necessary,  however,  to  mention  in  detafl  what  individual  mor- 
bid tissues  are  to  be  hardened  in  when  we  come  to  their  systmnatie 
de»cri|)lion,  ami  in  oi-der  to  save  rejjetition,  each  reagent  will  be  desig- 
nated by  a  letter  (A,  B,  C.  etc.). 

Solution  A. — Mfthylatfii  Spirit.  This,  it  must  bo  remembered,  is 
not  absolute  alcohol,  but  can  be  made  nearly  alisoluto  by  tlie  addition 
of  a  little  dry  carbonate  of  potash. 

Solution  B.—y1f>!if>lutr  Almhd. 

Solution  C— Midler's  Fluid. 

PotuKsic  Bichromate        .  gnu.  \f>. 

Sodic  Sulphate        .  grm.  20. 

Water  .2  litrea. 
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Solution  D. — Muller's  Fluid  and  Spirit 

Miiller's  Fluid         ....  3  purts. 

Methyluted  Spirit  ....         1  part. 
(Allow  it  to  cool  before  using.) 

Solution  E, — Chromic  Acid.     J  to  |  j>er  cent. 
Solution  F. — Chromic  Acid  and  Spirit 

Solution  of  Chromic  Acid  {^  per  cent)       3  parts. 
Spirit,    ......  1  part 

(Keep  from  the  light) 

Solution  G. — Peraitmic  Add.     (J  to  i  per  cent.) 
Solution  H. — Guld  Chloride-,     (i  to  2  per  cent) 
Solution  I. — Picric  Acid.     Solution  saturated  in  the  cold.   Hardens 
III  a  few  days.     If  the  tissue  is  left  longer  it  becomes  Ijrittle. 
Solution  K. — Dfcalci/f/ing  and  Hardening  Soluiim  (fiutherford). 

Chromic  Acid  .....         1  grm. 

Water 200  cc. 

Then  add  2  cc  Nitric  Acid. 

In  the  Journal  of  Amitomij,  vol.  xii.  j>.  2r»4,  the  author  recommended 
>  mixture  of  Miiller's  fluid  and  spirit  for  hanleriiiig  brain  and  sjiinal 
cord.  It  is  a  very  good  medium  where  these  have  to  be  examined 
micToscopicjilly,  but  it  will  be  found  that  for  making  large  prejmrationa 
ifcording  to  the  gelatine-potash  nietho<i  pure  Miiller's  fluid  is  prefer- 
»ble.  The  author  formerly  (No.  9,  xv.  1K7.'),  p.  335),  u.sed  the  mixture 
of  chromic  acid  and  spirit  (F)  j»retty  freely  for  nerve  and  other  ti.ssues, 
but  of  late  has  almost  completely  given  it  up.  It  is  a  good  hardening 
rtiiid  for  some  lung  specimens,  but  it  should  be  renicmberod  that  it 
i«  extremely  liable  to  decompose,  and  must  be  changed  frequently.  It 
»  nwful  where  it  is  desired  to  harden  a  tissue  rapidly,  but  its  use  should 
tint  be  continued  beyond  eight  to  ten  days,  otherwise  the  tissue  will 
lefbM  to  stain  with  many  of  the  most  useful  reagents.  The  hardening 
nay  be  completed  in  methylated  spirit. 

All  chrome-salt  hardening  reagents,  and  the  chromic  acid  and 
q>irit  mixture,  should  be  kept  in  the  dark,  otherwise  the  light  will 
npidly  decompose  them. 

Method. — The  best  jars  for  the  purjiosc  are  those  made  of  oarthen- 
wwe,  with  an  carthenwaro  lid  and  an  iron  clamp.  They  are  cheap  and 
Tery  strong,  so  that  they  seldom  get  out  of  order.  They  are  als<j  the 
liert  for  retaining  pieces  of  ti.ssue  when  they  have  been  hanlened. 

A  piece  of  old  washed  linen  rag  i.s  placed  in  the  bottom  of  the  jar, 
and  the  latter  is  three-fpiarters  filled  with  the  liardetiing  liquid.  Two  or 
Uins«  |tittce«  of  the  tissue,  cut  into  J  to  1  inch  cubes,  are  placed  vnthin 
the  jar,  and  coverotl  ))y  a  second  piec<!  of  linen.  Another  layer  of  tissue 
ii  placed  al)Ove,  and  so  on  until  perhaps  three  or  four  layers  have  been 
built  up.  The  liquid,  if  it  be  spirit,  or  a  solution  of  a  chrome  salt, 
miut  bo  changed  on  the  following  day,  and  perhaps  once  or  twice 
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afterwards.  Any  blood  which  may  lje  at  the  bottom  of  the  jar  is  to 
be  removed,  and  the  position  of  each  piece  of  tisdiie  n1t«re<l.  As  a 
rule,  it  will  not  be  found  necessary  to  change  methylHti»»l  spirit 
oftener  than  three  times,  and  twice  is  usually  sulficientv  Miiller's 
fluid  should  be  changed  at  least  three  time«,  a  good  deal  dt<|H'nding 
upon  the  amount  of  blood  in  the  tissue ;  and  a  large  quantit}°  should 
always  he  employed.  Tlie  Miiller's  fluid  and  chromic  acid  combina- 
tions with  spirit  (I)  and  F),  require  renewing  oftener  than  any  other 
hardening  fluids,  especially  if  exjKised  to  tlie  light. 

Hardening  of  Brain. — The  brains  of  small  vertebrates  are  brst 
hanlene<l  by  placing  them  simply  in  Miiller's  fluid  for  such  time  as  is 
necessary  to  render  them  tough,  and,  subsequently,  for  a  very  few  day* 
in  methylated  spirit 

Where  we  have  to  do  with  the  human  brain,  however,  the  following 
method  will  be  found  the  best.  It  is  suiU^d  for  the  prej>aration  of  tlie 
organ  where  it  is  required  for  naked-eye  dissection,  M-hcre  it  is  intended 
for  gelatine-potash  preparations  (Sect.  32),  or,  lastly,  where  it  is  deeirvti 
to  use  it  for  raicroscojnc  investigation.  Microscojiic  sections  nimlc  fmm 
an  organ  so  hardened  can  Vie  stained  with  most  reagents,  and  more 
especially  is  it  suitable  for  Weigert's  method  of  bwmatoxylene 
staining  (Sect.  4.1,  II.). 

A  brain  hardened  in  spirit  is  a  brain  spoiled.  All  diflferentiation 
between  white  and  gray  matters  is  lo«t>  and  the  organ  liccomes  to 
shninken  and  deformed  that  it  is  quite  useless  for  further  investigation. 
The  only  objection  to  the  following  method  is  that  it  occasionally  umke« 
the  organ  a  little  too  large,  but  in  no  case,  if  properly  carried  out, 
does  it  alter  its  proportions  or  cause  distortion. 

In  removing  the  organ,  saw  through  only  the  outer  tabic  of  the 
skull,  and  chip  the  inner  across  with  a  chisel  and  mallet  Cut  round 
the  dura  mater  as  usual  with  a  probe- pointed  bistoury,  talking  the 
greatest  care  not  to  wound  the  brain  substance.  Dissect  as  much  of 
the  internul  carotid  arteries  out  of  the  canals  as  possible,  and  cut  th* 
vertcbrals  very  long.  Remove  the  organ  from  the  skull  in  the  luital 
manner. 

A  bulky  round  earthenware  basin  with  an  earthenware  lid  must  b* 
in  readiness,  as  the  hardening  is  to  commence  at  once.  Fix  a  largo- 
sized  carmula  into  each  of  tlii*  internal  carotids  and  tie  it  in  with  thin 
waxed  twine.  Fix  another  similar  cannula  into  one  of  the  vert«brals 
tying  the  vertebral  op|)osite.  Previous  to  fixing  the  cannulas  into 
the  vessels,  attach  a  piece  of  strong  rubber  tubing  to  each  of  the  former, 
a  foot  and  a  half  long.  See  that  this  is  done  be/ur^  tying  them  into 
the  vossols,  OS  it  is  difficult  to  do  so  aiterwarda  Place  the  bniin,  with 
the  three  cannuln  inserted  in  its  vessels  in  the  round  earthenware 
basin,  and  in  order  to  take  the  weight  of  the  cannulie  off  the  vt'.ssel8, 
allow  tlie  lubes  to  hang  over  the  edge.  Fix  the  rubber  tul)e8  to  the 
connecting  tubes  represented  in  Fig.  1 2  {f>,b,h).  The  common  tulxt  (a) 
is  in  communication  with  a  tank,  which  can  be  elevated  or  depressed. 
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rOH   CONNCCTIKd    IWECTISO 

TuBrs  WITH  TH«  Task  or 
MCu-Eit's  Fluid. 


Into  the  tank  a  large  quantity  of  Miiller's  tluid  is  poured,  and  it  is 
elevated  to  a  height  of  about  4  feet.  The  stop-cock  attached  to  tiie 
tank  is  gradually  turned  on,  so  as  to  allow  tlie  Miillor's  fluid  to  ptr- 
coUte  slowly  through  the  organ.  In  order  to 
,give  the  fluid  Uxe  play  care  should  be  taken  to 
place  the  cannula;  in  the  natural  direction  of  the 
vessels,  and  to  see  that  their  points  are  not  press- 
ing upon  the  walls. 

The  first  Miiller's  fluid  which  flows  out  con- 
tains blood,  and  should  not  be  again  employed, 
hat  the  subsequent  injections  can  be  made  with 
the  same  Miiller's  fluid  over  and  over  again.  It 
osaally  runs  through  very  quickly,  and  the  tank 
should  be  replenished  at  least  every  day  for  a 
week  or  oftener  if  it  is  found  convenient. 

The  brain  should  be  ahvavs  freelj'  supported  <«) umiu  sum ;  (<'.^'>)  Tnb«« 
hy  an  excess  of  Multer's  fluitl,  ami  tliere  should     *"  **  "''"'''^  '"  "T 

, '  „  ,    .  1  '  1       1  comiui;  troiu  the  CanniiM. 

be  ao  overflow  vessel  into  which  the  waste  may 
eecspe.  The  fluid  should  be  capable  nf  being  removed  from  this 
ve*4«'l  without  disturbing  the  brain  or  the  positiou  of  the  cannula?. 
If  the  tank  is  replenished  daily  for  a  week  it  is  usually  suflScient, 
but,  if  convenient,  the  injection  im\y  be  continued  for  a  fortnight. 
The  loDger  it  is  continued  the  better  will  the  organ  bo  hardened.  It 
msy  be  finally  left  in  the  Miiller's  fluid  for  from  two  to  three  months, 
or  even  longer.  The  org-an  is  not  injured  by  time,  and  some  of  the 
bum!  iK'autiful  brains  will  be  found  to  be  those  which  have  been  in 
tile  Miiller's  fluid  for  five  or  six  months.  The  hardening  process  must 
not  be  hastened  if  thorough  success  is  desired. 

\\'l»ile  hardening,  it  should  not  l)e  padded  to  keep  it  in  position. 
The  Ix5st  means  of  retaining  its  proper  contour  is  to  leave  it  in  a 
plentiful  excess  of  the  liquid,  and  ita  position  should  be  occasionally 
cliAnged.  When  cut  into,  after  being  completely  toughened  in  this  way, 
it  presents  a  truly  beautiful  appearance.  If  th«  segments  are  to  be 
need  as  naked-eye  objects  they  ought  to  be  treated  in  the  manner 
described  in  Section  30. 

If  they  are  to  be  employed  in  making  gdutinf -potash  preparations, 
i^ie  segments  should  not  be  hardcue<l  any  further,  but  if  they  are  to  be 

en  in  order  to  cut  microsaiyic  sections  the  pieces  should  be  left  for 
dajB  in  methylated  spirit  once  changed.  The  spinal  cord  and 
aMdtilla  oblongata  when  hardened  in  Miiller's  fluid  alone,  cut  excel- 
lently with  the  freezing  microtome.  The  brain  cort«?x  cuts  beautifully 
also  when  hardened  in  this  manner,  but  the  freezing  fluid  acts  upon 
the  tissue  in  such  a  way  that  it  shrinks  the  cortical  nerve  cells  and 
neaioglia,  and  leaves  a  wide  sjiace  round  the  former.  This  can  be 
ehvfaited  by  placing  the  jncces  of  bniin,  hardened  as  above,  in  spirit, 
for  tlirro  to  four  days  according  to  their  dimensions.  The  pieces  should 
nut  be  beyond  half  an  inch  in  thickness. 
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Preparation  of  Hardened  Tisshes  for  Cdttino. 

37.  Since  the  introduction  of  the  freezing  raicrotome  by  Ruih« 
ford,  the  cutting  of  sectioua  of  hardened  tissues  for  microscof 
examination  has  become  very  much  easier  than  before.  Every  patho 
logist  should  provide  lumself  Avith  one  or  more  freezing  microtomos. 
one  for  ice  and  another  small  simple  one  for  ether,  or  one  in  wliich 
these  are  combined.  There  is  practically  no  pathological  tissue  which 
may  not  be  cut  in  u  freezing  microtome.  The  ease  with  which  it  ran  \m 
done,  as  well  as  the  beauty  of  the  resulting  sections,  are  unsur]>ii>-R'il 
by  any  other  metho«l.  Tiie  whole  secret  of  freezing  a  tissue  ami  nil 
ting  it  without  injury  to  it^  structure  consists,  however,  in  knuwing 
how  to  prepare  it  for  freezing.  Those  unacquainted  with  tbe^ 
methods,  constantly  assert  that  it  is  necessary  to  embed  such  and  eucJl 
a  tissue  in  jiaraffin,  wax,  or  some  other  such  mixture,  as  it  is  unsuitable 
for  cutting  in  the  freezing  microtome.* 

The  matter  is  so  simple  that  the  briefest  instnictions  will  suffie 
It  is  only  in  certain  cases  that  embedding  is  required  ;  and  ev»'rj  wh< 
oml)edded,  the  tissue  can  alvrays  be  cut  with  the  freezing  microtome, 
using  the  embedding  medium  merely  for  the  puri>08e  of  holding 
section  together  so  as  to  prevent  it«  becoming  injured  by  handling. 

If  u  tissue  lias  been  hardened  in  spirit,  the  first  thing  to  do  \a 
soak  it  in  running  water  for  twenty-four  hours.  If  it  has  been  ha 
vne<i  in  a  chrome  salt  or  in  chromic  acid,  do  likeAvisc,  unless  in  the  caw 
of  the  bniin  or  cord  when  Weigert's  method  of  logwood  staining  ia  to 
be  adopted. 

The  hardening  fluid  having  been  removed  by  the  running  water, 
the  tissue  has  next  to  be  phiced  in  one  of  the  following  frttiing 
ft«idi: — 

Make  a  syrup  of  the  strength  of  28'5  grm.  of  pure  sugar  to  30  cc 
of  water.     Wiile  the  syrup  is  boiling,  saturate  it  with  bonicic  acM 
Filter  Uirungh  mu.slin  when  cold.     Make  a  mucih^jc  of  gum  acacia 
cold  water  of  the  strength  of  ifiG  grm.  of  gum  to  2400  ex.  of  wat 
Saturate  with  boracic  acid  by  boiling,  and  filter  as  before. 


Freezing  Fluid  A. 

Take  of  the  syrup ....       4  parta 
„  mucilage  .        5      „ 

water  .        9      .. 

Boil  and  taturate  while  hot  with  boracic  acid.      Filter  when' 
through  mualin. 

'  The  gTMt  objection  to  frMsinff  dalicat*  time*  U  thnt  they  becoiM  tnarkKl  hf  ' 
trptaia  ot  iee,  utA  mit  thtu  totelljr  ttaflttcd  for  microtcoplo  otMoimlkm.     In  mom  of  I 
0<nna  laboiatartai  th»j  hvr*  UUif  lUinoat  glvon  vnr  wtag  the  tnt^ag  raiociMii*  < 
tUt  aoeoimt,  aail  trc  emplofiag  pondaraui  utd  oipeotiw  BUfBhtniw,  with  fMoltii 
but  aitiiriustor}- 
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Freezias  Fluid  R 

Take  of  Ynenng  Flnid  *' A  " .  2  parts 

^      STinp  ...        1  put 

Freezing  Fluid  C 

Take  of  ^rap         ....       4  parts 
,     mucilage  .  .       5     .. 

These  thne  flnids  freeze  with  difleient  degrees  of  hardness.  That 
marked  "A"  freezes  verv  easily  :  that  marked  "B"  is  more  diffienlt  to 
freeze ;  whfle  that  marked  ~  C "  just  freezes,  bat  with  considenble 
difficoltr.  a  very  low  temperature  being  neoessarr. 

According  to  the  dtlicaty  of  the  tissue,  it  ought  to  be  placed  in  one 
or  otiier  of  these  fluids  before  being  cut.  For  by  far  the  greater  number 
of  tassoes,  the  *'  A^  fluid  is  sufficiently  strong,  bat  it  may  happen  that 
we  have  to  do  with  a  very  delicate  structure  and  one  which  cannot  be 
bardened  to  any  great  extent  without  being  spoiled.  In  such  a  case 
the  "B"  fluid  should  be  preferred:  whfle  very  exceptionally  it  happens 
th*t  in  Older  to  prevent  the  ice  injuring  the  tissue  it  is  necessary  to 
employ  the  "  C  "  freezing  fluid.    This,  however,  is  rare. 

The  time  required  to  soak  the  pieces  of  tissue  varies  according  to  their 
tise  and  other  circumstances,  such  as  the  presence  of  adipose  tissue  round 
then.    It  is  always  safe  to  give  a  week's  time  with  any  of  them. 

Instead,  however,  of  merely  soaking  portions  of  the  tissue  as  they 
ai^  required,  it  is  much  better  to  keep  all  hardened  tissues  permanently 
ii»  tie  fluid.  The  longer  they  are  kept  the  better,  fr^^.  as  time  goes  on.  the 
piece  of  the  morbid  organ  or  tumour,  as  the  case  may  be,  bec»>mes  satu- 
rated with  the  solution  in  every  part,  and  cuts  withon:  any  tearing  or 
itTegularity.  It  is  often  said  that  the  freezing  microwr-me  tears  the  sections^ 
Such  a  libel  is  unjustifiable  :  should  the  tissue  be  injupe*!.  it  is  owing  to 
its  having  been  imperfectly  soaked  with  a  proper /wri*-;  /wirf. 

The  next  thing  to  be  done,  therefore,  after  the  hardening  fluid  has 

been  got  rid  of,  is  to  put  the  piece  of  tissue  in  a  stone-ware  jar  with 

sufficient  freezing  fluid  of  either  of  the  three  strengths  to  cover  it. 

Pot  a  label  on  the  jar  with  a  number  corresponding  to  a  duplicate  in 

a  catalogue.     The  jar  may  be  filled  with  difierent  organs  and  tissues, 

provided  that  they  are  of  sufficiently  distinctive   appearance  to  be 

recognised.     Thus  pieces  of  kidney,  liver,  lung,  and  a  tumour  may  be 

retained  in  the  same  jar,  if  the  label  outside  states  distinctly  what 

is  in  it,  and  refers  each  to  the  number  of  the  jar  kept  in  the  catalogue. 

In  this  way  much  space  is  saved,  where  many  tissues   have   to  be 

stored.     The  convenience  of  having  each  of  these  in  a  state  fit  for 

freezing  at  any  time  will  be  readily  appreciated. 

It  is  well  to  place  every  tissue  first  in  the  -A"*  fluid  and  to 
freeze  a  piece  in  order  to  see  whether  the  solution  is  strong  enough. 
If  it  is  found  that  the  tissue  has  been  injured  by  the  ice,  soak  another 
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piece  in  the  "  B  "  fluid,  and  usually  there  will  }ie  no  difficulf  y  in  cat- 
ting it  in  perfect  preservation.  If  a  tissue  has  been  overhurtlcned  it 
sometimes  fails  to  pieces  when  cut,  after  Inking  soaked  in  the  **  A  " 
fluid.  If  so,  try  the  "B"  fluid,  and,  in  all  probability  it  will  cut 
much  better. 

Methods  of  Embedding. 

38.  Afl  a  rule  tissues  ought  not  to  1)e  embedded  in  any  hania  if  it_ 
can  be  dispensed  with.     It  occasionally  hajipens,  however,  that  whi 
cut  and  placed  in  water,  the  parts  may  become  detached  and  thus  tlv 
relationship  will  be  lost ;  or  the  tissue  may  be  so  easily  broken, 
it  is  almost  impossible  to  stain  and  mount  an  entire  section.     In  sue 
cases  it  is  advisable  to  embed  in  some  medium  before  freezing,  and 
will  depend  UjKm  the  medium  employed  whether  this  should  be  do 
l)efore  soaking  in  the  freczinj;  fluid  or  afterwards. 

The  Celloidin  Process. — This  procedure  will  be  found  exceli 
for  brain,  spinal  cord,  and  m:iny  other  organs.    Tlic  spinal  cord  usa 
cuts  fjcrfectly  when  it  is  simply  allowed  to  soak  in  the  "A"  solution  > 
being  hardened  in  Miiller's  fluid.     With  the  parts  above  this,  howevt 
there  is  more  difliculty,  and  with  tlie  hardened  corttix  the  difficulty 
cutting  in  a  freezing  microtome  is  extreme.     The  following  method 
eml)eddiiig  and  soaking,  however,  makes  the  cutting  of  nny  portion 
the  brain  a  matter  of  the  greatest  case : — 

liai-dcn  the  brain  in  Miiller's  fluid  as  before  described,  and  cut 
part  to  be  examined  into  slices  from  one  quarter  to  half  an  inch  thic 
Place  these  in  methylated  spirit  for  three  to  four  days,  cha 
daily.  Transfer  them  for  two  days  to  a  mixture  of  equal  parta 
absolute  alcohol  and  ether.  Make  a  thick  solution  of  celloidin*  ^ 
equal  parts  of  ether  and  absolut«  alcohol.  It  should  resemble  a  thii 
syrup  when  of  proper  strength.  Place  the  pieces  of  brain  in 
and  allow  tliem  to  remain  (or  at  least  four  days,  until  the  diasoh 
celloidin  has  thoroughly  soaked  into  them.  Make  a  paper  boat,  or, 
what  is  as  good,  use  a  pill  b<ix,  and,  placing  the  piece  of  tissoe  in 
this,  fill  it  with  the  celloidin  solutioa  Allow  it  to  stand  exposed 
until  it  partially  hardena  A  crust  of  hardened  celloidin  forms  on  the 
surface  in  al)out  half  an  hour,  but  the  time  required  will  depend  upon 
its  bulk.  Complete  the  hardening  of  the  celloidin  in  methylated  spirit 
Twenty-four  hours  is  necessary  to  accomplish  thi«. 

The  piece  of  brain  is  now  surrounded  by  a  hard  homy  niAas  of 
celloidin  of  a  slightly  milky  translucency.     In  order  to  prei>are 
embedded  tissue  for  freezing,  it  must  be  soaked  for  twenty-four  houi 
in  water  and  be  subsequently  permanently  kept  in  the  freezing  ilii 
"A"  or  "B."     It  is  then  ready  for  cutting.     The  freezing  fluid 
ponetrato  much  more  thoroughly  and  quickly  if  the  tissue  immcr 
in  it  b«5  retained  in  a  warm  chamlwr  at  a  temperature  of  100'  Fall 
for  several  days. 

'  Thl»  c«B  now  lie  ob>Ulge<i  <llrectly  or  Indirecily  through  «ny  dmggiKt 
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G«latine  and  Freezing  Fluid  Embedding  Mixture. — Whore 

it  is  undesirable  to  apply  spirit  to  a  tissue,  a  mixture  of  1 0  per  cent 
^.-ektine  in  freezing  fluid  "A"  should  be  substituted.  This  will  bo 
ioond  to  be  unsuitable  for  brain,  as  the  gelatine  seems  to  swell  when 
{roien,and  destroys  the  delicate  brain  substance;  celloidiii  is  preferable. 
The  tiasue,  such  as  an  embryo  or  a  portion  of  a  stomach,  is  first  stained 
in  nuK  in  carmine  or  some  other  staining  reagent.  It  is  next 
tbdlMghly  freed  from  this  by  soaking  in  freezing  fluid  "  A "  with 
faqnest  changing,  and  is  now  ready  to  be  transfeired  to  the  gelatine 
tndfrpeang  fluid  "A"  mixture  in  a  stopper-bottle.  In  order  to  a!lo\v 
tiu  gelttine  mixture  to  thoroughly  soak  into  every  part,  it  is  kept  in 
a  Winn  chamber  at  a  temperature  of  100°  Fahr.  for  several  days.  The 
whole  mass  is  subsequently  allowed  to  cool  in  a  beaker.  When 
thoroughly  gelatinised,  the  beaker  is  placed  for  an  instant  in  hot  water, 
Ml]  the  gcdatine,  so  loosened  from  its  bold  on  the  beaker,  is  removed. 
Tbe  embedded  tissues  are  now  cut  out,  still  surrounded  by  a  Mock  of 
the  medium,  and  are  subsequently  placed  in  freezing  fluid  "  B "  and 
r«liijie<l  permanently  in  this.  If  this  freezing  fluid  is  too  strong,  that 
istojsy,  if  there  is  difliculty  in  freezing  the  tissues  soaked  in  it,  they 
ihftuld  l)e  transferred  to  "A."  For  embryos  and  such  like  delicate 
tiswies,  however,  the  "B"  fluid  will  be  found  best.  The  sections  are 
of  course  made  in  the  freezing  microtome. 

A*  before  said,  the  above  gelatine  medium  is  unsuitable  for  em- 

!i<ii]iiig  brain,  but  for  many  otlier  purposes  nothing  could  be  more 

bciuliful.      It  is  superior  to   celloidin,   paraflin,   or   wax   in  that   the 

tiBue  can   be  transferred  directly  from  water  without  having  been 

BTiously  subjected  to  the  action  of  spirit,  ether,  oil  of  cloves,  or  other 

igtnt  which  might  act  deletcrioasly  upon  it. 

Embedding  in  Paraffin. — As  a  rule  paraflin  is  inapplicable  as 

*n  embedding  medium  for  morbid  tissues,  unless  where  the  ''rocking 

nutpolome "  is  employed.     Its  chief  advantage  is  that  ribbons  of  sec- 

tioiu  may  be  obtained  by  its  use,  which  are  kept  in  proper  serial  order 

b}'  aiihe<!ion  of  the  one  to  the  other.     It  is  onl}'  for  very  small  bodies 

cb  as  embrj'os  that  it  can  bo  recommended,  and  even  these,  if  it  is  de- 

,  can  be  cut  in  serial  succession  b}'  the  method  detailed  in  Section  39. 

Stain  the  body  first  en  masse  in  borax-carmine  or  some  other  i)ene- 

tnting   reagent.      When  this  is  completed,  the  superfluous  staining 

fluid  is  washed  out  in  water.     The  tissue  is  now  transferred  to  abso- 

iat«  alcohol,  and  from  this  to  oil  of  cloves.     The  oil  of  cloves  should 

be  allowed  to  act  u])on  it  luitil  all  the  spirit  has  been  removed,  the 

projier  stage  being  known  by  its  becoming  transparent,  or  at  any  rate 

bv  it«  losing  its  nittUHil  opacity. 

A  little  pai>er  Ijoat  is  now  prepared,  and  into  it  is  poured  some 
melted  i>aniflin.     The  paraffin  is  allowed  to  cool,  and  the  body  to  be 
embedded  is  laid  upon  it.     More  melted  paraffin  is  dropped  from  a 
etta  upon  the  body  until  it  is  thorougJily  covered  in. 
If  it  is  desired  to  moke  the  paiuflin  harder,  colophony  resin  may 
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be  mixed  wilh  it.,  and  if  softer  and  more  transparent  it  tamy  ha 
comhined  with  vaseline  (2  to  1).  By  the  latter  means  the  posHioo  of 
an  embryo  may  lie  observed  in  the  mu«8,  but  when  the  ordinary  op«qtM 
paraffin  is  used  the  position  of  the  embryo  should  be  marked  by  a 
pin  luitif;  inserted  into  the  paniffin  nt  the  head  end. 

Embedding  Mixture  for  grinding  Bone,  Tooth,  etc. — A 
capital  mixture  suitable  for  this  purpose  is  employetl  by  Nicholson  iti 
mineralog)'.  It  consists  of  2  i»arts  colophony  resin  and  1  part  wax. 
Those  are  melted  together,  and  the  piece  of  bone  or  tooth  is  embi*lded 
in  the  mixture  on  a  piece  of  glass.  It  is  first  nibbed  down  ron^ly 
upon  sjuidstone,  and  is  subsequently  polished  with  emery  jiowder  of 
different  degrees  of  fineness  on  plate  glass. 


Sbction-Cuttinq. 

39.  As  before  stated,  all  pathological  tissues  may  lie  cut  in  the 
fireeeing  microtome,  and  in  choosing  one  the  ])atliologii«t  should  be 
guided  by  its  efficacy,  durability,  and  price.  Ilutherford's.  with  the 
author's  lidaptation  of  a  glass  top,  is  one  of  the  simplest.  It  should 
be  furnished  with  a  planing  iron  blade. 

Jtuthrr/irrtl's  Iff  Frcf^imj  Miavkme. — It  consist*  of  a  hollow  bnss 
rylinder  tilted  with  a  bniss  plug  capable  of  l>cing  moved  up  and  down 
by  a  finely -gnuluated  screw  placed  Ijelow.  The  handle  of  the  screw 
should  be  in  the  form  of  a  cross  bar  not  of  a  milled  head.  The  plug 
ought  to  be  roughened  on  the  upiter  surface,  and  a  small  bniss  knob 
ia  usually  made  to  screw  into  it^  so  as  to  catch  the  mass  of  ice  and 
prevent  its  becoming  detached.  So  far,  the  microtome  is  eaBeotialljr 
that  of  the  late  Mr.  Stirling,  curator  of  the  Edinburgh  Anatomical 
Museum.  Outside  of  tlic  brass  cylinder  is  placed  a  freezing  box, 
which  should  lie  of  large  size,  and  ])rovided  with  an  escape  pipe  to 
allow  the  superfluous  water  to  drain  off.  Different  sizes  of  cylinder 
are  made  according  to  the  dimensions  of  the  piece  of  tissue  to  be 
cut — that  which  is  most  iiscfid  being  1^  inch  in  diameter,  while  a 
larger  one  2  inches  in  diameter  is  also  to  lie  had.^ 

The  whole  instrument  is  surroiuided  with  a  thick  sheet  of  gatt»- 
percha,  and  a  plate  glass  top  is  fastened  on  to  the  cutting  surface 
cement  and  a  couple  of  screws. 

When  rho  instrument  is  about  to  be  em]>loyed,  the  plug  is  wi 
drnwn,  the  interior  of  the  hollow  cylinder  is  smeared  with  glycerinr, 
and  a  little  glycerine  is  jMjured  ujwn  the  screw.  The  l»lug,  previously 
tlioruughly  dried,  is  phiced  in  position  and  screwed  down  to  the  neces- 
sary dt'j)th,  which  should  always  l>e  at  least  half  the  depth  of  the 
cylinder.    A  freezing  mixture  of  snow  or  fincly-poundcd  ice  and  salt  is 

'  Mr.  (^rli»r,  natftaal  bMlntment  iD«k«r,  Houlb   Urld^,  Ktllnlninrh,  mskv*  thete 

'I   rnmi  nutij  dilTaraut  (tmu.     Of  t]i>  two,  tbs 

.')i   not  on  tiandy  for  mull  nbjvcta,  u  it  out  b* 

,  ■'. .......».:  ^^...j.i^  aoJ  li  pMvUed  Willi  •  mon  osfiacloiu  (TMcInf 
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BOW  placed  in  alternate  layers  in   the  freezing  box,  and   vigorously 

siirrod  with  some  suitable  instrument.     The  salt  is  apt  to  accumulate 

»t  the  innermost  part  of  the  freezuig  box,  and  must  from  time  to  time 

be  cleared  out     The  drainage  pipe  of  the  freezing  l»c<x  must  be  closed 

with  a  cork.     The  freezing  will  proceetl  very  much  quicker  if  this  is 

attended  to,  and  the  object  frozen  can  be  left  for  a  greater  length  of 

tiine,  without  renewing  the  mixture,  if  the  liquid  is  retained.     It  should 

lie  »lli»we<I  t-o  escape  only  when  it  becomes  excessive. 

When  the  temperature  of  the  plug  has  been  reduced  to  freezing 
point,  which  may  be  ascertained  by  touching  it  with  a  damp  finger,  suffi- 
cient mucilage  (Phar.  Brit.),  is  poured  into  the  cylinder  to  form  a  layer 
about  one-eighth  of  an  inch  deep.  This  is  allowed  to  freeze  before 
putting  in  the  piece  of  tissua  The  latter,  taken  out  of  the  freezing 
fluid,  is  now  placed  in  the  cylinder  wilii  a  pair  of  dissecting  forceps, 
»mi  held  in  j»osition  until  it  adheres  to  the  side  of  the  cylinder.  It 
•huiild  always  be  held  in  contact  with  the  side  of  the  cylinder  furthest 
iTij  from  the  operator.  The  tissue  is  surrounded,  lastly,  with 
mncilage,  and  a  piece  of  strong  waterproof  texture  of  any  kind,  covered 
I17  I  weight,  is  put  over  the  mouth  of  the  cylinder  to  prevent  the 
Wzing  mixture  accideutolly  entering. 

The  best  blade  to  employ  is  that  proposed  by  Delf^pine,  and  con- 
tiiti  of  an  ordinary  planing  iron  set  in  a  wooden  handle.  Nothing 
cwild  be  more  efficacious  than  this  knife,  and  as  its  cost  is  so  insiijnifi- 
diiU  several  of  them  may  be  at  hand,  ready  for  use,  although  they 
n)(juirc  to  !»  8haq>ened  only  very  seldom.  The  handle  is  held  finuly 
ui  the  palm  of  the  right  hand,  aud  the  blade  is  pre-ssed  closely  down 
tin  the  glass  plate  of  the  microtome  at  an  angle  of  something  like  45°. 
^\  ith  the  left  hand  the  tissue  to  be  cut  is  screwed  upvviuds,  while  the 
''1:iiIl'  is  kept  continuously  jjla^nng  over  the  surface.  As  many  as  fifty 
"cdiirm  may  bo  cut  in  a  single  series,  and  as  they  are  cut  they 
■^aumulalo  on  the  back  of  the  blade.  They  ar©  afterwards  tnins- 
fuTml  to  a  luxsin  of  water  and  allowed  to  unfold.  With  very  delicate 
'issues,  such  as  biuin  or  spinal  cord,  it  is  better  to  cut  each  singly ; 
birt  with  liver,  kidney,  huig,  etc.,  a  huge  mass  of  them  vmi  be  swept 
of  continuously  without  injury.  As  many  as  from  two  himdred  and 
fifty  to  three  hundred  sections  may  be  cut  in  a  minute  by  this  means, 
all  of  exquisite  delicacy  and  uninjured. 

Kutherfonrs  let  and  Ether  Freezing  Microtome. — Professor  Ruther- 
ford has  further  adapted  the  preceding  instrument  for  freezing  with 
ethor.  by  which  means  it  has  been  rendered  doubly  serviceable.  The 
pricp,  moreover,  is  less  than  that  of  two  separate  microtomes.  When 
used  with  WA<*r  spray,  tlie  instrument  is  arranged  as  shown  in  the 
woodcut  (Fig.  13).  The  tissue,  which  should  not  be  more  than  a 
third  of  an  inch  thick,  is  laid  on  the  zinc  plate  (Z)  and  covered  with 
gum.  Ether,  which  must  he  anhy<lrous,  is  then  blown  from  the 
bottle  (O),  by  the  elastic  l>ellows  (N),  against  the  lower  surface  of  the 
rin«'  plate.      Any  ether  which  may  escape  volatilisation  flows  down 
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lliroiigh  the  tub«  (P),  and  is  collected  in  a  vossel.  The  spray  prodnciiig 
tubes  (T)  can  be  readily  jjulled  out  of  the  slit  un<ler  Z  for  examina- 
tion. Tlie  tissue  is  soon  frozen,  and  it  remains  frozen  for  ab<iut  fire 
minutes  in  a  cool  room,  without  any  further  pro<luction  of  spray. 

When  used  as  an  ice  fr<'f::ing  microtome  the  glass  plate  L  is  un- 
Bcrcwed.    The  supports  M  and  M',  the  tuln's  T,  the  bottle  and  l<eIlowt, 
are  removed  ;  Z  is  unscrewed,  and  the  plug  K  screwed  in  its  plao^, 
and  sunk  deep  in  the  well.     The  glass  plate  L  is  then  screwed  on  thftj 
brass  plato  B,  and  the  instrument  i«  ready  for  use.     Tlie  further 
ticulara  arc  of  course  the  same  as  in  the  description  of  the  simple 
freezing  instrument. 


tut,  UL— Bmamnoiui'*  tci  un>  Biiua  Fanzi*'"  Mi'  lu.T.^Mr 


Large  la  Frftzimj  Mitrvtonie  fur  Cutting  SeeHotu  of  an  EuUrf  Organ.- 
Mr.  GudDer  of  E<iinburgh  has  constnictcd,  from  the  author's  de8ign%| 
a  lai^ge  microtome  for  cutting  sections  of  entire  organs  such  as  br 
livfr,  or  kidney.      It  is  built  essentially  on   the  same  principle  i^l 
Ruthurfonl's  ice  instrument,  but  the  blade,  instead  of  being  held  in  UiSi 
band  ia  fixed  in  a  ]H)nd<,'r<ius   framework  which   runs  in  a   roilwajrl 
pkced  on  each  side  of   the  stage.      Tiie  framework  for  the  bind*' 
requires  to  be  vrry  heavy  so  as  to  gain  the  necessary  monieuiuiii,  and 
the  bkule  should  be  made  like  a  planing  iron,  but  of  particularly  thick 
ateel,  bo  as  to  prevent  its  bending  when  it  catches  the  edge  of  the 
froMD  tissue.     The  freezing  mixture  is  composed  of  snow  and  salt ; 
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I  CMi  nitist  be  taken,  as  in  the  former,  to  close  the  escape  tubes 
'ittAM,  Otherwise  a  long  time  will  be  required  to  freeze  the  object 
pletely  over.  If  properly  carried  out,  a  piece  of  tissue  three 
4|aaiter8  of  an  inch  thick  ought  to  bo  frozen,  in  from  twenty  minutes 
to  half  an  hour,  according  to  the  temjicratnre  of  the  room. 

The  interior  of  the  cylinder  and  llio  screw  are  anointed  with 
glycerine  as  before,  and  the  brass  plug  is  placed  in  position.  When 
rwfluced  to  freezing  temperature,  a  quantity  of  mucilage  is  poured 
"vrr  the  plug,  and  the  organ  to  1^  cut  i.s  placed  directly  in  this  to  the 
ile{>th  of  about  a  sixteenth  of  an  inch.  As  the  freezing  goes  on,  the  out- 
aiJf  of  the  organ  is  brushed  with  mucilage,  and  the  space  between  l/ie 
frxmt  of  the  organ   and  the  well  of  the  cylinder  is  to  be  gradually 


Fw.  14.— L^aoi  MiciunoiK  roa  CvrrtRa  Scc^o^m  or  Air  Ebtiius  Okjax. 

led  u|>  with  freezing  fluid  "A."     In  order  to  accomplish  this  fix  on 

thio  slice  of  jelly,  made  from  French  gelatine,  at  each  side  ;  allow  it 

I  become  frozen  ;  and  afterwards  fill  the  enclosed  space  with  the  freez- 

ig  fluid.     The  whole  well  shoidd  not  be  filled  with  freezing  fluid,  as 

is  unnecessary.     The  pad  formed  liy  that  placed  in  front  is  quite 

'mflSdent  to  sujiport  the.  preparation. 

The  bltde  is  driven  forwards  evenly  and  rapidly,  great  care  being 

Lftaken  tliat  the  railway  is  thoroughly  greased  with  a  mixture  of  olive 

and  glycerine.     The  section  is  thrown  off  from  the  blade,  and  lumls 

on  a  trough  filled  with  water  or  other  suitable  li'juid  placed  in  front. 

•  It  should  never  adhere  to  the  blade  if  pro[ierly  frozen.     With  a  huge 

of  ice,  such  aa  an  entire  brain  represents  when  frozen,  a  great 

depends  upon  its  consistence.     It  may  be  too  much  or  too  little 

asen,  and  practice  alone  will  tell  the  operator  what  is  the  necessary 

>int  to  attaiii.     If  thoroughly  soaked  in  "  B  "  freezing  fluid,  however, 

is  almost  impossible  to  freeze  too  hard.^ 

'  .•  Dr.  Bruce  bos  dei-i«ed  ■  large  {Veeang  microtome  for  Rimilar  purposes  made  by  Mr. 
r,  7  Lothum  Street,  Edinburgh,  the  chief  difference  between  it  iinti  the  author's  being 
tiia  bUdr  ii  movable  instead  of  the  brass  cylioder  on  which  the  segment  of  tissue 

iflnd. 
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JFUlianis'  Microlomt} — This  consifiU  of  a  round  waterproof  Ikw  of 
large  size  for  holding  the  freezing  mixture,  in  who6e  centre  ui  u|>- 
right  brass  column  is  placed  wliich  acts  as  an  extractor  of  heat  from 
the  tissue.  To  the  top  of  this  brass  column  is  screwed  on  a  rough* 
ened  brass  disc,  on  which  the  tissue  is  to  be  laid.  A  glass  pUt«,  wil 
a  hole  in  the  centre  for  the  brass  disc  to  project  through,  forms  a  lid 
for  the  box  and  a  convenient  surface  for  the  tripod  stand  carrying  the 
knife  to  play  upon.  The  freezing  mixture  of  snow  and  salt  is  placed , 
in  the  box,  and  when  the  disc  is  sufficiently  cold,  a  little  mucilage 
poured  upon  it.  The  tissue  is  frozen  to  the  disc  by  means  of  this, ' 
and  is  from  time  to  time  brushed  with  mucilage  during  the  process. 


swirr  kSON 
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Flu.  1^— WiLUAior  Fanwya  Uicnonuu. 

The  knife  consists  of  a  blade  fixed  in  a  tripod  stand  which  is 
approximated  to  the  tissue,  as  each  section  is  cut,  by  means  of  a  finely- 
graduated  screw.  This  shortens  the  front  leg  of  the  tripod  and  so 
brings  the  blade  farther  down.  The  blade  is  here  approximated  to 
the  tissue  instead  of,  as  in  Rutherford's,  the  tissue  being  screwed  up 
to  the  blade. 

Lewi£  Frasiny  Mitrdcma. — Dr.  Bevan  Lewis  has  devised  this  little 
microtome  for  cutting  sections  of  fresh  brain  in  the  process  deacrilied 
by  him  fur  preparing  the  cnrtux.  It  is  useful  for  other  purposes,  and 
it  ia  well  to  have  either  this  or  the  following  always  at  hand.  Both 
are  adapted  for  ether  freezing  ;  but  if  an^'thing  else  than  brain  is 
being  cut  in  them,  the  piece  should  not  be  very  lat|^.     To  cut  tlie 

I  M*i1e  by  Swift  of  London. 
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stlon  Dr.  Lewis  recommends  a  razor,  but  the  plane  blade  can  also 
cmploye<i. 

Cnihoari'f  Frtesing  Mierotomt.^ — This  is  also  a  very  serviceable  little 
instrument,  and,  like  the  foregoing,  is  not  costly.     The  plane  blade  is 
fml&o  applicable  for  cutting  with  it     The  directions  for  use  are  the 
following  : — 

(1)  Place  a  few  drops  of  mucilage  (1  part  gum  to  3  parts  water)  on 
(he  doc  plate  (H). 

(2)  Presa  a  piece  of  the  tissue  to  be  cut,  about  a  quarter  of  an 
in  thickness,  into  the  gum. 


CI. 
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Pia.  I4l— Catucari's  Etbeb  Fbskzixq  Micbotokb. 
Mlerotoiaa  witb  ({rajr.proilncer  attached ;  uid  lection  nf  neck  o(  •prajr-prodocer. 

(S)  Fill  the  ether  bottle  (J)  with  anhydrous  methylated  ether,  and 
ptuih  tlie  spray  points  into  their  socket  (E). 

(4)  Work  the  spray  bellows  briskly  until  the  gum  begins  to  freeze  ; 
after  this  work  more  gently.  Be  always  careful  to  bni.sh  off  the 
frozen  vapour  which,  in  a  moist  atmosphere,  may  collect  beiuw  the 
zinc  plate.  If  the  ether  should  tend  to  collect  in  drops  below  th« 
{kUte,  work  the  bellows  slower. 

1  Hade  by  Mr.  Frazer,  opticiui,  7  LotbUn  Street,  Edinboigb,    It  coits  15a.  complete. 
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(5)  Raise  the  tissue  by  turning  the  milled  head  (6),  and  cut  by 
sliding  the  kuifc  along  the  glass  plates. 

(6)  After  use  he  careful  to  wipe  the  whole  instninient  clean. 

(7)  Should  the  ether  j)oint  become  choked,  dear  by  mean*  of  the 
fine  wire  which  is  sent  ^vith  the  inatruinent. 

(8)  The  instrument  is  intended  for  use  with  methylated  sulphuric 
ether. 

OUur  Microtomes. — Of  late  years  the  number  of  these  has  become 
80  great  that  the  young  pathologist  is  in  danger  of  getting  bewildervd 
by  them,  and  will  have  some  difficulty  in  kno\ring  whether  such  rum 
plicated  and  iK.>nderou.s  machines  a.s  those  of  Thoma-Jung,  Schati/  , 
and  Weigcrt  are  reully  necessary  for  efficient  working.  Ho  may  rt'^t 
satisfied,  however,  that  if  he  is  jirovitled  with  a  simple  freezing  micro- 
tome such  as  one  of  those  just  described,  for  ice  an<i  ether,  he  will  lie 
amply  equi|>pe(L  If  he  buys  one  of  these  more  elal>onite  iustrumenta, 
he  will  prolubly  resign  it  in  course  of  time  for  something  much  more 
simple.  The  great  secret  of  success,  as  previously  remarked,  is  in  the 
preparation  of  the  tissue  for  freezing. 

How  to  Cut  a  Number  of  Sections  in  Continuous  Series. 
^Where  the  object  is  small  and  can  be  embedded  in  {>aralfin  without 
injury,  probably  the  best  instrument  to  employ  for  the  above  purpose 
is  the  '*  Hocking  Microtome.'' '  Ribbons  of  sections  can  bo  made 
with  it,  each  adhering  to  its  neighlx>ur,  so  that  if  the  series  \>c  laid  ou 
a  long  glass  slide,  they  can  )>c  mounted  in  balsam  after  dissolving  otf 
the  paraffin  with  turpentine  or  oil  of  clovejj,  without  any  furth«r 
trouble.  This  certainly  ia  a  most  convenient  method  for  cutting 
embryos  or  such  a  body  us  a  small  spinal  cord.  It  is  not  well  suited 
for  larger  pieces  of  tissue.  The  Company  who  make  it  have  improve*! 
ui>on  previo\is  instruments  of  the  same  kind,  by  causing  the  ribbon 
of  sections  to  fall  on  to  a  sheet  of  pa[>er  or  a  glass  slide  instead  of 
being  carried  away  with  a  silk  ribbon  as  previously. 

if'ith  the  ordinary  freezing  miaoiomc  a  continuous  scries  of  sections 
may  be  cut  in  the  following  way: — Let  us  suppose  that  the  tissue  to 
be  cut  is  a  piece  of  a  medulla  oblongata  or  spinal  cord.  Mark 
narroM'  line  on  the  right  side  of  the  piece  of  cord  or  medulla  wit 
gcniiun  violet,  and  let  it  remain  on  for  an  hour  or  so  in  order  that  it " 
may  t.ikc  a  hrm  hold  upon  the  tissue.  Wash  in  the  particuhir  freez- 
ing fluid  which  was  employed  for  soaking.  The  mark  which  ia  left 
will  serve  to  indicate  the  right  side,  however  the  section  may  be  lying. 
A  shallow  four-sided  trough  ought  now  to  be  procured,  earthenware  is 
best,  divided  into  a  number  of  narrow  spaces  from  side  to  side  by 
means  of  thin  partitions.  If  not  specially  ordered,  this  can  br 
easily  ma/lc  if  a  four-sided  photographer's  jwrcelain  trough  is  fdleti 
about  one-eighth  full  of  molted  paraffin,  and  strips  of  gloss  placeil  in 
this  be  employed  as  the  partitions.    The  strips  of  glass  become  fixed  in 

'  Prkt  oon)plet43  £5  :  Si.  Made  by  th«  Ouubri>lgt  SdcntiQc  lutmnMKk  Compwiy, 
at  Tibb'i  Ilow,  Canibrid^ 
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Um  paraffin  as  it  solidifies.  The  sections  u»  they  are  cut  arc  droppeil 
in  serial  order  into  the  spaces  formed  by  the  partitions.  The  spaces 
~  liotdd  be  half  filled  with  freezing  fluid  or  with  a  staining  fluid  as  may 
lie  required. 

This  in  some  respects  is  superior  to  the  ribbon  method,  in  that 
Mctions  of  any  size  may  be  cut  and  retained  in  order,  and  can  be 
aabeequently  stained.  They  are  brought  out  of  the  liquid  in  which 
tliey  are  immersed  as  re(iuired,  and  placed  upon  a  long  strip  of  gla.ss 
with  the  aid  of  a  spatula  and  camel's  hair  brush.  If  they  have  been 
in  a  staining  fluid  this  should  first  be  washed  off  in  a  basin  of  water, 
and  they  should  then  be  transferred  to  freezing  fluid.  From  this  they 
are  placed  upon  the  above  strip  of  glass  and  allowed  to  get  a  little 


-ry 


Kill.  17.— " RucMjcii  .«ilk')i<iiie"  roR  ciTTTixo  Riudons  or  SrcnowB. 


Iry.  Tlie  freering  fluid  fixes  the  sections  on  the  slide,  and  prevents 
dr  moving  when  the  mounting  fluid  is  applied.  Farrants'  solution 
"ti  next  poured  over  the  aeries,  and  they  are  placed  uncovered  in  a 
warm  chamber.  In  tho  course  of  throe  days  or  so,  the  Fan-ants' 
oolntion  will  have  become  hard.  They  are  afterwards  mounted  in 
glycerine  jelly  (Sect.  4v'j),  a  second  strip  of  thin  glass  being  used  as 
a  cover.  Immediately  after  the  jelly  has  solidified,  the  edges  of  the 
ration  are  cleaned  ;  and  it  is  secured,  firstly,  with  ordinary  glue, 
secondly,  aft^r  this  has  dried,  with  white  zinc  cement, 
Wfitjfft's  Method} — This  is  to  be  highly  recommended,  especially 
for  cutting  serial  sections  of  spinal  cord  and  medulla  oblongata. 
There  are  six  steps  in  the  process,  as  follow  ; — (1)  Plates  of  glass 
of  convenient  size  (8  x  2  inches  or  narrower)  are  covered  with  a 

>  No.  43,  it  p.  490-494. 


70 


JNJECTLXa 


FAnTt" 


thin  layer  of  eeUoidin  solution  in  ether  (collodion  is  much  more  con- 
venient, and  suits  equal)}-  as  well).  They  are  set  on  end,  and  allowed 
to  dry.  (2)  The  Becond  step  is  to  cut  the  sections  and  to  arrange 
them  riband- wise  on  strips  of  transparent  (W.G.)  paper  moistened 
with  spirit,  about  double  the  width  of  the  sectiona  (3)  The  sections 
are  transferred  to  the  collodion  plate  by  reversing  the  strip  of  paper, 
placing  it  over  the  collodion -coated  plate,  and  gently  pressing  th« 
upper  surface.  The  paper  is  next  peeled  off,  when  the  sections  will 
be  found  adhering  to  the  collodion.  Other  strips  about  to  be  trana- 
ferred  to  the  collodion  plate  can  be  kept  moist  by  laying  them  upon 
blotting  paper  moistened  M-ith  spirit.  No  more  than  one  or  two  strip* 
should  Ix!  transferred  to  the  same  plate.  (4)  The  row  of  uctiona  i* 
covered  with  a  thin  and  even  layer  of  collodion,  and  each  series  may 
be  marked  by  a  brush  dipped  in  methyl -blue.  (5)  The  collodion- 
coated  glass  plate  is  immersed  in  Weigcrt's  hsematoxylene  solution 
(Sect.  43),  when  it  will  be  found  that  the  collo<lion  separates  from  it. 
The  rows  of  .sections  are  thus  liberated  enclosed  in  a  complete  coating  of 
coUotlion,  the  whole  forming  a  tough  plato  which  may  be  handled  with 
impunity.  They  are  decolorised  in  the  manner  descril)ed  in  S«ction  49 
and  thoroughly  washed  in  water.  The  c«lloidin  plate  may  now  be  cut 
up  so  as  to  separate  the  individual  rows.  (6)  The  rows  of  preparstioi» 
are  dehydrated  in  90  to  96  per  cent  alcohol  and  clarified  in  creatOMH 
or  xylol.  ^^ 

40.  Preservative  Fluid  for  Sections.— A.s  a  rule,  sections,  when 
cut,  sliould  not  be  kept  in  spirit.  They  are  apt  to  alter  in  course  of 
time,  and  sometimes,  as  with  those  of  brain  and  apinal  cord,  l)eoom« 
very  brittle.  A  much  better  fluid,  which  seenu  to  act  as  a  perfect 
praaeirative,  is  a  mixture  of  glycerine  and  water  equal  parts,  with 
about  eight  minims  of  carbolic  acid  to  the  ounce. 

Any  of  tilt*  freezing  fluids  do  equally  well ;  and  if  the  piece  of  tissue 
bo  small,  it  may  be  kept  in  a  bottle  along  with  the  sections. 

Littmiurt  <m  Settifm-cutting. — Barrett  (Section -cull iiig)  :  J.  Aunt.  «nd  PhynioJ., 
xix.  1SS4-5.  p.  94.  Cathcart  (Xtw  Ethtr  Microtoair) :  FMiu.  Clin,  lod  PaUi.  J.,  i. 
1883,  t>.  473.  Lee:  The  MiiroU)mi>t»'  V'a<lr-M»cuin,  1885.  Nealy  (Itapia  Method 
for  Bone  and  Teeth  Sjectiond)  :  Am.  Month.  .Mur.  J.,  v.  IS."**,  p.  Ui  Rutherford 
(CominuDil  tHhcr  nnd  Ice  Micnilonic)  :  Ljtuc«t,  \^%l,  i.  p.  4.  Strasser  (TRaUueot  of 
Serial  S«etioiui  emlmliled  in  Paraffln) :  Ztxchr.  i.  wiuenich.  MilcrMknpie,  tit.  1S8<,  )>. 
346.     Ttaoma  (Microtome) :  Arch.  f.  ]>at>i.  Anat.,  luzJT.  1^81,  p,  189. 

On  Injecting  Blood-Vksselb. 

41.  The  media  employed  differ  according  a^  it  is  desired  to  make 
an  injectinii  for  naked-eye  or  for  microscopic  purposes, 

Opaque  Naked-eye  Injections.— (1)  I'l(uier  of  Parit.  This 
forms  perhaps  the  l>est  medium  for  injecting  the  large  resscis  of  a 
limb  or  other  such  part,  where  they  are  afterwards  to  be  dissecto*]  out. 
The  plaster  of  Paris  is  made  thin ;  and  in  order  to  prevent  it  setting 
too  soon,  a  small  quantity  of  gelatine  or  a  little  alum  may  be  mixctl 
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vfilb  the  water.  The  plaster  may  be  combined  with  various  colouring 
niAtt£r&. 

{2)  Talhto  injection  is  made  by  melting  tallow  and  mixing  with  it 
lufficient  vermilion  to  give  it  a  red  colour.  If  it  is  desired  to  make 
it  A  little  stiffer,  some  yellow  wax  may  be  added. 

(S)  FennilMTi  and  Geliitine.^ — A  five  j>er  cent  solution  of  gelatine 
My  1)0  combined  with  vermilion,  and  makes  a  ca]«itil  naked-eye  in- 
jection, finer  than  either  of  the  foregoing.  The  venuilion  should  not 
hd  in  coarse  powder ;  and  in  order  to  ensure  that  the  injection  mass 
is  free  from  large  particles,  it  should  be  filtered  through  muslin. 

(4)  Vfllow  Opaque  InjeciUm  (Beale). — Cold  saturated  solutions  of 
Ketate  of  lead  and  bichromate  of  potash  are  mixed.  The  precipitate 
i»  allowed  to  settle,  and  the  suiiematant  lii|uid  poured  off.  Tho 
yellow  sediment  is  now  to  be  shaken  with  warm  water  and  again 
illowed  to  settle.  It  is  subsequently  added  to  a  5  j>er  cent  gelatine 
MJutioa 

(5)  JFhiU  Opaque  Injedwn  (Beale). — Mix  saturated  solutions  of  ace- 
tirte  of  lead  and  carbonate  of  soda  in  the  same  way  as  in  No.  4.  Treat 
the  inrecipitate  as  before,  and  add  it  to  a  five  per  cent  gelatine  solution. 

h  sliould  be  remembered  that  as  tho  gelatine  when  cold  shrinks  by 
being  put  into  spirit,  it  should  not  be  em]iloyed  for  Innjf  vessels. 
Hmm  injection  masses,  it  should  also  be  borne  in  mind,  all  contain 
hetty  colouring  matters,  and  hence  the  mixture  shoidd  be  well  stirred 
whenever  it  is  about  to  be  used.  Numbers  1  and  2  should  be  em- 
ployed for  naked-eye  purposes  alone.  Those  described  tinder  numbers 
3,  4,  and  5  can  also  be  used  for  injecting  vessels  of  microscopic 
tize,  provided  they  are  to  l)0  viewed  as  opaque  preparations.  Such 
opaque  injection  masses  are,  however,  seldom  employed  nowadays 
for  microscopic  purposes.  The  following  transparent  injections  are 
much  to  l)e  preferred  : — 

Transparent   Microscopic   Injections. — The  colouring  sub- 
ice  of  transparent  red  injections  is  usually  carmine,  and   the  best 
eipt  for  this  injection  mass  is  probably  Carter's. 
(1)  CarUfx  Carmim  Injedwn. 

Take  of  Carmine  (perfectly  pure) .  1  dr. 

„      Strong  solution  of  ammonia  2  fl.  drs. 

„      Glacial  acetic  acid  (iiO'  Fahr.) .  .86  m. 
„      Solution  of  gelatine  (1  to  6  water)  2  oz. 

„      Distilled  water        .         .         .  •       H   » 

I  tlie  carmine  in  the  solution  of  ammonia  and  water,  and  filter 
With  ]>ure  carmine  it  is  not  usually  necessary  to  filter, 
bat  it  is  safe  to  do  so,  as  carmine  is  so  frequently  adulterated.  It 
filtcre  very  slowly.  The  mixture  should  stand  for  an  hour  or  two 
before  filtering,  so  as  to  ensure  that  all  the  carmine  will  be  dissolved. 
Mix  the  acetic  acid  slowly  and  stir  vigorously  ;  then  dro]j  the 
'  Prenvh  guUtine  in  Itukes  U  th«  best  for  lU  injoction  muuest. 


72 


jyjECTixa 


fAHT  t 


gelatine  solution  into  the  solution  of  carmine,  stirring  briskly  m  !)«• 
fore.  The  whole  injection  mass  ought  to  be  slightly  acid  A 
great  deal  depends  upon  the  purity  of  the  carmine  for  the  mecrs* 
of  this  injection.  It  should  turn  almost  V)lack  when  the  ammonia  is 
add«i  to  it. 

(2)  Blw  Injecting  Fluiil — Briicke's  blue  is  verj-  apt  to  fade  wb«Q 
mixed  with  gelatine,  or  when  injected  into  a  tissue,  and  it  wUI  1m 
found  that  Tumbull's  blue  is  much  faster,  especially  if  combined  with 
oxalic  acid.  The  difference  in  their  composition  is  that  the  former 
is  made  with  ferrocyanide,  the  latter  with  fcrridcyanide  of  i>otaB8ium., 
Beale  (No.  7)  gives  the  following  very  good  receipt.  A  quantit 
of  oxalic  acid  is  added  to  the  mass,  which  still  farther  prevents  it 
fading: — 

Ferridcyanide  of  potassinra  .10  grs. 

Sulphate  of  iron  .         .'>    „ 

Water     ...  .  1  oz. 

Glycerine  2  „ 

Alcohol  ....  1  drm. 

Oxalic  acid       ...  .10  gr*. 

lIlBolve  the  sulphate  of  iron  in  half  the  water  and  half  the  glyceric 
in  one  vesseL     In  another  vessel  dissolve  the  ferridcyanide  of  {Mtassiuc 
in  the  remainder  of  the  water  and  glycerine.     The  two  solutions  ar 
now  mixed,  by  gradually  dropping  the  iron  solution  into  a  bottle  ooi 
taining  that  of  the  ferrocyani<le  and  vigorously  agitating.     The  on 
acid   is  next  rubbed  into  the  mixtui«  in  a  mortar  and  the  aloob 
added.     The  glycerine  causes  the  precipitate  to  be  thrown  down  in  wfl 
much  finer  form  than  it  is  in  pui«  water. 

This  blue  milium  may  also  bo  employed  as  a  naked-eye  injection 
where  the  preparation  is  intended  to  be  hung  in  a  glass  jar.     When] 
this  is  the  case,  gelatine  should  be  combined  with  it  up  to  the  strength] 
of  5  per  cent     The  gelatine  is  allowed  to  lie  in  it  for  half  an  bour,J 
and  the  whole  mass  is  subsequently  melted  in  a  water-bath. 

These  are  by  far  the  best  transparent  colours.     Frey  (Xa  8)  gi^ 
the  following  receipt  by  Thiersch  for  a  transparent  yellow.     It  reqii 
some  care  in  preparation. 

(3)  Transpare$U  YtUow  Infeeiion. — Make  a  watery  solution  of  chro- 
tDMtt  of  potaah  in  the  proportion  of  I  :  11  (A),  and  a  second  solution, 
equally  strong,  of  nitrate  of  lead  (B). 

Combine  1  part  of  the  solution  A  with  4  part^  uf  a  concentrated] 
solution  of  gelatine  (about  20  c.c.  to  80)  in  a  dish.     In  a  second  dish, 
3  porta  of  the  solution  of  lead  (B)  is  to  be  mixed  with  4  parts  of  gela- 
tine (about  40  c.c.  to  80). 

The  contents  of  both  dishes  are  then  to  bo  slowly  and  carefully 
mixed  together  at  n  temperature  of  about  25"  to  32'  C,  and  with  con- 
stant stirring.  The  mass  is  to  Iw  heated  to  about  70'  or  100°  C. 
on  th«  water-bath  for  a  considerable  time  (half  an  hour  or  more),  and] 
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finally  filtered  through  flannel.  When  a  dish  of  this  yellow  mixture 
bas  been  kept,  it  is  generally  necessary  to  siiUject  it  to  prolonged 
beating;  and  to  filter  it  again,  in  order  to  render  it  ser\-iceable.  Doiihle 
the  quantity  of  solutions  A  and  B  may  in  some  cases  be  used  with 
advantage. 

(4)  AniltTU  Blw-blatk  Injedlon.  —  One  of  the  finest  microscopic 
injecting  liquids  is  made  with  imiiinf  hUie-hhck}  It  possesses  two 
advantages,  namely,  that  it  is  soluble  in  water,  and  will  not  transude 
through  the  wall  of  the  vessel  so  as  to  stain  surrounding  parts.  It 
may  be  used  simply  as  a  ^  per  cent  solution  in  water,  or  this  \  per 
cent  solution  can  bo  combined  with  5  per  cent  French  gelatine.  The 
carmine  and  Turnbull's  blue  injections  are  hotli  precipitates,  but  this 
being  a  solution,  is  of  course  calculated  to  nm  more  readily.  It 
does  not  present  such  a  marked  contrast  to  the  foregoing  as  a  brilliant 
yellow  would,  but  still  is  quite  easily  distinguished,  and  will  run  into 
parte  which  would  be  impenetrable  to  carmine  or  Prussian  blue. 

(5)  Nitrate  of  silver  of  the  strength  of  \  per  cent  may  be  utilised 
for  injection  purposes.  It  defines  the  course  of  the  small  arteries 
and  v«ins  and  tlie  capillaries  by  staining  the  outlines  of  their  endo- 

elia.     It  will  act,  however,   only  in  a  ti.«sue  freshly  excised  from 
lie  living  subject,  or  in  those  of  a  freshly-killed  animal.     It  should  be 
injected  from  a  glass  or  vulcanit«  syringe. 

Injecting  Apparatus. — (1)  Tlie  Braj)s  Sifniu/e. — Some  of  the 
Bt  aecompli.<ihed  injectera  have  used  nothing  more  than  this  simple 
iiment.  One  decided  objection  to  its  use,  however,  is  that 
there  is  less  certainty  of  the  liquor  flowing  equably  than  when  cou- 
^ftinuous  air  pressure  is  employed.  Another  fault  is  that,  as  in  many 
ther  injecting  instruments,  there  is  nu  means  for  kneping  the  gelatine 
rann — a  fatal  error  where  the  injection  is  to  be  driven  in  slowly. 
^A  side  tube  coming  off  from  the  neck  of  the  syringe  may  be  attached 
to  a  mercurial  manometer  (Rutherford),  although,  with  a  gelatine  in- 
jection, this  is  practically  of  little  use  unless  the  whole  tube  can  be 
kept  under  hot  water. 

The  syringe  should  be  well  heated  in  all  cases  iK'fore  the  injecting 
fluid  is  drawn  up  into  it.  An  injecting  mass,  further,  should  always 
be  filtered  through  muslin  immediately  Ijefore  being  used. 

(2)  Conlinuous  Air-pressure  Apparaiius. — Several  of  these  have  been 
recommended  from  time  to  time  by  Ludwig  and  others.  The  prin- 
tciple  is  tlie  same  in  the  whole  of  them,  namely,  that  the  injection  is 
iven  in  continuously  by  compressed  air.  The  compressing  agent 
be  mercury  or  water.  Ludwig  recommendid  mercnry.  but  water 
I  inore  generally  employ'iMl  at  the  present  day.  The  chit-f  objection 
to  the  whole  of  them  appears  to  be  that  the  arrangements  are  such 
that  the  gelatine  mass  is  not  kept  heated  throughout  the  entire  extent 
of  its  course.  Some  part,  sometimes  the  whole,  of  the  tube  leading 
frum  the  bottle  containing  the  injection  is  left  exposed,  and  will  in  a 
'  Tbe  (xinicuUr  blue-blaclc  can  be  obtaiaecl  from  Mr.  Chaplain,  druggist,  Wakefi«Ui. 
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few  minutes  get  bo  cool  as  to  cause  the  injoctioii  to  thicken  or  acliudljr 
solidify.  This  i»  tliu  main  cause  of  gelntine  injectiuns  proving  unsno- 
ccssfuL  The  whole  gelatine  mass  and  the  organ  to  be  injected  shonWl 
be  kept  at  a  body  temperature  during  the  time  the  injection  is  runniog. 
The  following  apparatus  is  constructed  on  the  usual  principles,  bat 
is  calculated  to  supply  the  above  want.  It  can  be  made  out  of  tl>c 
simplest  materials. 

A  hollow  metal  cylinder  (Ac,  Fig.  18)  of  two  gallons  capacity  has 
five  stop-cocks  fitted  into  its  upjHir  end.  One  of  them  is  connected 
to  a  finely  regulated  water-tap  (T)  by  a  piece  of  strong  rubber  tubing . 
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(t.).  Tliree  of  the  others  are  attached  to  the  rubber  tubes  l^  t^,  1^ 
wuile  the  fiA,h  is  fastened  to  a  rubber  tube  communicating  with  a 
mereory  manometer  (M).  The  three  tubes  t^  open  into  a  correspond- 
ing number  of  bottles  (I.  B.)  for  holding  the  injection  liquids.  The 
injection  bottles  contain  diifcrcnt  colourerl  liquids,  and  need  not 
necvMarily  all  be  used  at  once.  They  are  made  of  glass  with  an 
Opetung  above  and  another  below,  the  latter  being  provided  with  a 
stop -cock.  The  rubber  Iu1k<  P  is  attacin-'d  to  the  upper  oiiening, 
and  that  marked  P  to  the  lower.  To  the  distal  ends  of  the  tube* 
tp  t^  tf,»rt  attached  the  cannula^  for  inserting  into  the  vessels,  each 
provided  with  a  stopcock  (r*,  r*.  c^).     The  injection  bottles  are  placed 


INJECTION  OF  LYMPHATICS 


76 


in  the  trough  Tr,  which  ought  to  have  tin  sides  and  a  copper  bottom. 
It  sliould  measure  Ht  least  30  inches  long,  18  inches  broad,  and 
8  inches  deep,  and  is  to  be  three-fourths  filled  with  water  at  a  tempera- 
ture of  100°  Fahr.  A  Bunsen  lamp  (L)  placed  below  it  keeps  tlie 
temperature  from  falliug,  and  a  most  desirable  addition  is  to  liave  the 
,  flune  regulated  by  a  Bunaen-Meyer  thermostat  (Th').  The  tii?mp<?ra- 
^tore  is  indicated  by  a  thermometer  (Th).  W^hcn  the  a]>puratu.s  is  to 
[l>e  used  the  injection  is  allowed  to  run  out  of  the  cannula,  and  when- 
erer  it  appears,  the  stop-cock  {c^)  of  the  cannula  is  turned  and  the 
injection  within  the  latter  allowed  to  solidity.  When  solid  it  is 
inserted  into  the  blood-vessel  and  tied  with  waxed  silk.  The  organ 
I  with  the  cannula  adjusted  is  next  returned  to  the  trough  of  water 
jTaad  is  kept  at  a  body  temperature  until  heated  quite  through. 
All  is  now  ready  for  making  the  injection.  The  tap  (T)  is  turned 
on  until  the  requisite  pressure  in  the  manometer  (M)  is  registered, 
beginning  with  half  an  inch  and  gradually  increasing  up  to  within 
3  and  4  inches.  When  the  necessary  pressure  has  lieen  attained,  the 
stop-eocks  (Cj,  fj,  Cj)  are  opened,  and  next  those  at  c„.  Lastly,  when 
Uw  organ  is  lying  in  suitable  position  to  allow  the  injection  to  flow 
with  least  impediment,  the  stop-cocks  (c^,  Cj,  Cj)  are  turned  on,  and  the 
injection  allowed  slowly  to  distend  the  vessels,  the  whole  organ  and 
injection  tubes  being  meanwhile  under  water.  The  organ,  when  fully 
injected,  will  become  very  tense.  When  this  hajvpens  the  stop-cocks 
are  to  be  turned  off,  the  vessels  tied,  and  the  organ  placed  in  methyl- 
ated spirit  slightly  acidulated  with  acetic  acid. 

42.  Injection  of  Lymphatics. — A  natural  injection  of  the  l>Tn- 
ph&tics  of  the  lung  can  be  made  in  a  very  short  time  by  allowing  an 
animal  to  breathe  an  atmosphere  loaded  with  paraffin  smoke  in  a  con- 
fined chamber.  The  particles  of  carlxm  are  taken  up  from  the  air 
Teddes,  carried  into  the  plasma  spaces,  and  from  these  conducted  to 
all  the  lymphatic  vessels  of  the  lung  and  tu  the  bronchial  glands. 

The  usual  method  is  to  drive  in  Prussian  blue  injection  from  a 
subcutaneous  syringe  by  simply  slipjiing  the  point  of  the  cannula  under 
the  capsule  of  the  organ.  With  most  human  pathological  tissues 
this  method,  however,  is  not  very  satisfactory. 

Corrosion  Preparations. — Of  lute  years  the  method  of  injecting  blood-ressels 
lOT  docts  of  glands  with  some  liqnid  niat«riiil  which  will  solidily,  and  subBcquently 
>  corroding  the  aurroDiiduig  tissues,  has  been  pretty  extensively  ii»t'<l. 

One  of  the  earliest  injection  masses  employed  was  fusible  metal,  and  for  the  lung 
it  is  still  recommended.  Plaster  of  Psris  has  been  utilised  for  this  purjtose  by 
Pettigrcw  and  others.  The  surrounding  tissues  are  remored  by  allowing  thu  tissue 
lo  putrefy  and  by  calling  iu  the  services  of  maggots  in  summer.  The  latter  soon 
leave  a  very  beautiful  dissection  of  the  injected  parts,  all  that  ia  necessary  being  to 
keep  the  tissue  moist. 

Schiefferdceker  (No.  61  Anat.  Abtht.,  1882,  p.  199),  recommends  the  cmploy- 

[  atant  of  c«lloidiu.     The  celloidiu  is  cut  in  small  pieces  and  dissolved  in  nn  e'|ual 

volnmfl  of  ether.     It  can  be  coloured  with  differeot  substance;*,  such  tut  pulverised 

[oBiiabar  or  Berlin  blue.     What  is  stiU  better,  however,  is  to  allow  the  ether  to 
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■Und  over  asphalt  for  twenty-fonr  honn,  shaking  it  m«anwhil«  seTeral  times.  The 
liqnor  is  decanted  and  is  employed  for  dissolving  the  celloidin  as  before.  The  solu- 
tion is  injected  with  a  syringe  into  the  vessels,  and  the  syringe  is  cleaned  with  ether. 
The  syringe  most  be  free  from  any  fat.  The  injected  organ  is  laid  in  hydrochloric 
acid  either  pore  or  slightly  dilated,  according  to  the  liability  of  the  organ  to  shrink. 
When  the  disint^;ration  of  the  tissne  is  complete,  its  remains  are  washed  off  nnder 
a  gentle  stream  of  water.  The  injection  is  so  fine  that  it  will  penetrate  into  the  raaa 
afferentia  and  glomcrulos  of  the  kidney.  Alter  washing,  the  preparation  shoold  lie 
in  water  for  a  week  or  two  so  as  to  remove  any  remnant  of  tissne.  It  can  be  kept 
permanently  in  glycerine  or  a  mixtnre  of  eqaal  volumes  of  glycerine,  alcohol,  and 
water.    The  most  durable  mass  is  that  prepared  with  asphalt. 


CHAPTEE  VI 

REAGENTS  FOR  MICROSCOPIC  WORK 

43.  These  may  be  divided  into  (1)  hardening,  (2)  freezing,  (3)  stain- 
ing, (4)  clarifying,  (5)  mounting,  and  (6)  decalcifying. 

The  first  and  second  have  already  been  described  (Chap.  V.)  It 
now  remains  to  give  partictdars  regarding  the  others. 

Staining  Eeagents. 
I.  Carmine  and  its  Compounds. 

(a)  Ammoniacal  Solution  of  Carmine. 

Pure  carmine    .....         4  grm. 
Strong  liq.  ammonias  6  c.c. 

Water 120    „ 

Make  the  carmine  into  a  paste  with  a  little  of  the  water  in  a 
mortar,  add  the  ammonia,  and  when  thoroughly  mixed,  the  remainder 
of  the  water. 

(b)  Borax-Carmine  (Grenacher). 

Carmine  .....       0'5  grm. 

Borax 2-0     „ 

Distilled  water         .         .  .   100     c.c. 

These  are  mixed  in  a  porcelain  evaporating  dish,  and  heated  to 
boiling.  To  this  bluish-red  liquid,  dilute  acetic  acid  (about  5  per  cent) 
is  added  till  the  colour  changes  and  comes  to  be  more  like  that  of 
ammonia  carmine.  It  is  allowed  to  stand  for  twenty-four  hours, 
decanted,  and  is  then  filtered.  A  drop  of  carbolic  acid  is  added  for 
preservation  purposes.  Friedlander  (No.  10)  recommends  washing 
the  preparation  in  the  following  after  it  has  lain  for  a  few  minutes  in 
the  borax-carmine. 
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Hydrochloric  acid       ....  I  c.c 

Alcohol 70    „ 

Distilled  water 30    „ 

This  borax-carmine  stains  nuclei  intensely  and  mpidly.  It  should 
he  kept  in  readinessj  for  particular  preparations.  Elxj)eriencc  done 
will  teach  for  which  tissues  it  is  most  suitable. 

(c)  Pirro-CurmiHf. — Many  receipts  are  given  for  this.      lUnrier's 
origiu&I  receipt  is  the  following : — Dissolve  I  gramme  of  pure  carmiaoj 
in  10  c.c.  water  and  3  c.c.  liquor  ammonia:  in  a  mortar.     Add  this  to 
the  200  CO.  cold  saturated  solution  of  picric  acid.     Evaporate,  either 
on  a  wtttcr-bath  or  by  exposure  to  the  air,  down  to  one-third  of  it«^ 
bulk,  and  filter. 

This  is  a  most  ser\'iceable  double  stain,  and  is  suitable  for  prepam- 
tions  to  be  mounted  in  Farrants'  solution  or  glycerine  jelly.     CerUun 
tissues  have  a  peculiar  atlttiity  for  picric  acid,  such  as  homy  opidermiftl 
and  the  matrix  of  bone,  while  the  carmine  picks  out  the  nuclei  of  celU./ 
Most  ))eautiful  pathological  prcpaiations  may  sometimes  be  obtained! 
by  the  contrast«  of  these  two  offecta.     The  fluid  has  to  be  poured  on  ths  j 
section,  left  in  contact  with  it  for  a  couple  of  minutes,  and  the  cxoeMl 
run  off.     The  section  must  on  no  account  l>e  washed  in  water.     The 
Farranta'  solution  or  glycerine  jelly  is  simply  dropped  on   it  while 
■aturated  with  the  stain,  and  a  cover-glass  applie<l.    The  proper  reaction 
does  not  usually  take  place  for  several  days  after  the  preparation  is 
mounted  :  it  sometimes  requires  as  many  months. 

{i)  i'kro-lUkiwn  Carminr, — This  is  c\en  preferable  to  the  forcgoin;^ 
M  it  staiiu  more   rapidly,  and  with  greater  certainty.     FrietUandcr ' 
(No.  10)  gives  the  following  receipt: — Dissolve  '2\  grammes  cAnninei 
in  too  cc.  saturated  solution  of  lithium  carbonate.     To  this  luhl  from 
2  to  3  cc.  of  a  aatonted  solution  of  picric  acid. 

{<)  Carmine  and  Pretziiuj  FluvL — An  excellent  weak  staining  liquiii 
for  large  naked-eye  sections  of  brain,  or  for  sections  of  medulla,  pous, 
and  oord,  wh^nt  cut  in  series,  is  the  following : — 


Freezing  fluid  "  A  "  (Sect  37)  . 
Ammoniacal  solution  of  carmine 


8  parts. 
1  part 


The  advantage  of  this  solution  rests  in  the  fact  that  it  does  not  st*in 
too  quickly,  and  hence  in  a  large  section  its  action  is  more  equable 
than  that  of  a  stronger  dye.  It  also  eflfectuiiUy  prevents  segments  or 
microscopic  sections  of  brain  from  swelling  irregularly,  which  is  liable 
to  happen  when  they  are  hardcni^d  in  M  tiller's  fluid,  and  transferred 
to  a  liquid  of  h^ss  density.  A  mixture  of  sjTup  alone  docs  not  suit  for 
making  this  staining  fluid;  the  gum  contained  in  the  freezing  fluid 
teems  to  act  in  precipitating  the  carmine  on  the  tissue. 

(/)  Alvm-Carmiiu  ((IrutiachtT), — Dissolve  1  gnirame  of  caniiine  in 
100  cc.  of  a  5  per  cent  solution  of  alum.  Boil  for  about  twenty 
minutea,  and  filter  when  cool. 


CHAP,  n 


STAINING  SOLUTIONS 


(g)  Indufo-Ciirminr  (Merkel). — Flesch  recommends  liardening  tissues 
which  have  to  be  stained  in  this  by  means  of  chromic  acid  or  Miiller's 
fluid,  and  subsequently  completing  the  hardening  process  in  methylated 
spirit  It  is  sjiecially  suited  for  nervous  tissue,  and  for  ossifying  carti- 
lage. Tlie  dye  as  used  is  a  mixture  of  solutions  of  borax-canin'ne  (carmine 
2.  l)orax  8,  H,0  130)  and  of  indigo-carmine  (indigo-carmine  or  snlphin- 
digolate  of  soda,  and  lx)rax,  each  8,  and  water  1 30)  in  equal  parts.  The 
m  decomposes  if  kept  longer  than  ii  week,  and  the  carmine  stains 

deeply.  Textures  should  be  left  in  it  for  twenty-four  Lours  at 
ordinary  temperatures,  and  from  one  to  two  hours  when  in  an  incubator. 

Br  staining,  the  superfluous  colour  is  extracted  by  means  of  a 
turated  solution  of  oxalic  acid.  Preparations  may  be  mounted  in 
Farrants'  solution  or  balsam. 

II.  Hzmatoxylene. — The  following  solution  will  be  found  ex- 
cellent for  ordinary  staining  of  nuclei. 


(a)  NveUtta  Staining  Hamatoxykne. 


Haematoxylene 
Alum 
Glycerine 
Distilled  Water 


12  grm. 
50     „ 
65  c.c. 
130   „ 


Boil,  and  while  hot  add  5  c.c.  of  liquid  car1x)lic  acid.  Allow  the  mixture 
to  stand  in  the  sunlight  for  at  least  a  month  ;  the  longer  it  remains 
the  better.  In  course  of  time  it  assumes  a  deep  port-wine 
r,  and  stains  nuclei  of  a  most  beautiful  blue  almost  instantaneously 
fter  application.  The  solution  does  not  decomfKjse,  nor  do  fungi  grow 
an  it.  If  the  above  solution  be  found  too  strong,  two  expedients 
ay  he  adopted.  Either  it  may  be  diluted  with  equal  paits  of 
'"glycerine  and  distilled  water;  or  what  is  better,  it  may  be  used  to 
over-stain  the  section,  the  excess  l>eing  subsequently  washed  out  with 
tlacial  acetic  acid.  The  preparation  should  be  immersed  in  the  acid 
itil  the  colour  changes  to  red.  It  is  then  to  be  laved  in  two  successive 
bIs  of  water  until  all  the  aci«l  is  removed.  It  is  sometimes  ad  van- 
Dua  to  render  the  second  water  slightly  alkaline  with  ciirbon.ite  of 
lithia. 

There  is  perhaps  no  nuclear  staining  reagent  which  is  so  satisfactory 
in  its  results  as  logwood,  and  when  combined  with  some  contrast  stain 
iich  OS  eosin,  Bismarck  brown,  chrysoidin,  or  picric  acid,  most  beauti- 
aiid  instructive  efl'ects  can  be  obtained. 

The  tissues  which  stain  best  in  it  are  those  hanlened  in  alcohol, 

particularly  if   they  have   been   actively  growing  (sarcomatous 

,  epitheliomata,  etc.)    If  the  tissue  has  been  hardened  in  Miiller's 

id,  it  also  stains  excellently,  but  if  left  for  any  length  of  time  in 

watery  solution  of  chromic  acid  there  is  the  greatest  difficulty  in 

ting  it  to  take  effect. 

Statniog  fluids  made  directly  from  logwood  chips  are  sometimes 
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recommended.  As,  however,  it  is  the  haatDAtoxylene  alone  of  the  log- 
wood which  is  rcquire<l,  there  cannot  bo  anjr  odv&ntage  in  employing 
the  crude  material.  The  tliiid  ia  liable  to  be  contaminated  by  tannin 
and  other  unnecessary  ingredients,  which  materially  interfere  with  the 
production  of  the  pure  colo\ir  that  it  ought  to  posseaa. 

(A)  IFeiijrrCi  Ilctmalosyli-ne  Stain  for  l/u;  Cfntral  Nenmu  S^ttem  (see 
No.  11,  ii.  p.  190;  and  iii.  pp.  236-239).— This  ia  a  method  deriaed 
by  Weigert  for  the  purpose  of  staining  medullated  nervefibre«  in  the  brain 
and  spinal  cord.  It  is  not  so  well  suited  for  poriphoral  nerves.  Tba 
stain  has  a  special  affinity  for  the  medullary  sheaths  of  nors'e  fibres,  and 
while  it  colours  these  of  a  deep  blue  or  purple,  Iwives  the  ncrvc-coQa, 
axis  cylinders,  and  neuroglia  unstained.  The  ailvantiges  of  such 
reagent  Mrill  be  obvious  to  u.11  who  are  engaged  in  Studying  the  histok 
of  the  nervous  system.  The  stain  appears  to  depend  u|)ou  the  hanna- 
toxylene  entering  into  combination  with  copper  and  being  precipitated 
in  pretence  of  a  chrome  salt  u])on  the  medullary  sheath  of  the  nerve- 
fibre. 

Weigert  formerly  recommended  "  acid-fuchsin "  for  the  same  pur- 
pose, but  tlic  logwooil  process  is  very  much  superior.  The  metho«l  is 
somewhat  complicated,  but  it  is  to  be  recommended  to  all  those  work- 
ing on  the  central  nervous  system.  The  revelations  it  brings  out  are 
of  the  most  startling  character,  and  already  have  gone  far  to  modify 
current  views  on  nerve  physiology  and  pathologj-. 

Two  methods  may  be  followed  according  to  Weigert,  the  older 
the  two  being  the  first  doscriltod  in  the  sequel ;  and  although  ho 
•iden  the  old  one  inferior  to  the  more  recent,  3-ot  it  seems  in  son 
TMpecta  to  have  advantages  which  the  other  does  not  possess, 
author  has  added  an  adaptation  of  the  method  to  cutting  the  tissue  by 
foMjiing.  The  technique,  especially  that  for  the  brain,  is  thus  rendered 
very  much  easier. 

MHhod  A  (Wrigert).— The  pices  of  tiraiu  or  spinal  cord  is  lianirawi  in  EhrlitjJu'ii 
dttid,  wbioh  has  the  following  coraposition  : — * 


Potumic  bichromatr 
Cupric  luljiliktr  . 
DiatllW  w«t«r  . 


0-5    ., 
100     cc. 


It  may  be  hanlouvd  in  tlia  coM,  but  it  is  preferable  to  <lo  ao  in  a  wans  chamber 
haatad  up  ta  a  UvXy  U:ni\itTAi\\rv.  Only  from  Uim  to  four  days  are  nectaaaiy 
for  the  pnrpoae  wlirn  the  warni  chamber  i<  employee],  but  if  the  tiiaue  ia  hardenad 
at  an  onlinnry  ti-nipcTatiUf,  a  longer  tinii;  is  to  bu  allowvd.  Thr  hardening  ia 
ComploU^I  ill  alMolute  alcohol  which  should  lie  clianged  twirn  at  least. 

The  tcgmruts  of  tiasor  arc  next  cmbcddol  in  ccUoidin  (Sect.  38),  and  aiM-tiona 
are  cnt  in  a  Scbanzo  or  Weigert  inirrotonic.  When  cut,  thoy  are  reooifod  into 
alcohoL     Thoy  ahoald  not  be  plaMtl  iu  water. 

Thej  arc  now  atainad  in  the  following  logwood  aolntion  ;— 


>  8m  Na  352,  xxiU.  No*.  15  and  18,  quote.1  by  Wald«yer.     No.  49,  1877.  L  p.  21. 
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H:fmatnxylenc 1  gnn. 

Alcohol 10  cc. 

Water 90  cc. 

Sutantvd  solution  of  lithium  carbonate  1  cc. 

nd  an  left  (rom  two  to  twenty-foar  hours  in  it,  according  to  the  depth  of  staining 
nqirirml.  If  it  be  dwiwd  to  show  edmply  the  general  direction  of  the  fibres  in  the 
tmiu.  two  houni  will  be  found  8utBcient,'but  if  the  object  h  to  bring  out  the  Ejcuer't 
(ilexas  in  the  cortrx,  it  is  better  to  allow  the  section  to  remain  bx  the  solution  for 
twenty-four  hours. 

They  are  next  well  washed  in  distilled  water,  and  will  be  foucl  to  be  much  over- 
atainMl, — indeed  quito  black.  They  must  consequently  be  placed  in  a  decolorising 
eolation  made  of  the  following  ingredients  : — 


Potaisic  Ferridcyanide 

Bontx 

Water 


21  grm. 
2       „ 
200     cc 


Id  ■  few  minutes  the  gray  matter  ihoald  become  completely  visible  and  remain 
of  a  light  brown  tint,  while  the  white  retains  sufficient  of  tlie  stain  to  give  it  a  deep 
,  riolet  coloOTf  The  (irepAration  should  be  left  in  this  for  two  hours,  and  bo  suhse- 
Hfhtd  in  water,  clarified  in  xylol,  and  eventually  mounted  in  Canada 
1  ffiaolTed  in  xylol. 
JV<<Ao(J  ^  (Weigert). — Tlia  brain  or  cord  is  hardened  in  Muller's  fluid,  and  the 
i-jMrdcning  is  completed  in  absolute  alcohol.  The  jiiecea  from  which  the  section.<;  are 
Unt  are  next  embedded  in  celloidiu,  as  before,  and  laid  in  equal  parts  of 
[  solution  of  juiUrnl  acetate  of  copper  and  water  for  from  one  to  two  days, 
bcdag  niMDwbile  kept  at  a  body  temperature  in  the  warm  chamber. 

The  pieces  may  have  a  green  or  a  brown  colour  after  this,  but  it  makes  no  diffor- 
enee.  They  are  now  to  b«  placed  in  alcohol  of  80  per  cent  strength,  and  may  be 
netained  in  this  till  rer|uired. 

Tb«y  are  subsequently  cut,  stained,  and  decolorised  as  dejtcribod  in  method  A, 
•ad  inoantcd  in  Canada  balsam. 

Th«  gray  matter  and  nerve  cells  have  a  slightly  brownish  tint  when  the  process 
baa  succeeded.      The  nerve  cells  can  be  further  stained,  after  decolorising,  with 
I  tnnut-earmine. 

Mtthoii  C  (Hamilton).— The  brain  is  hardened  as  closcribed  in  Chapter  V. 
ItMal  about  half  an  inch  thick  are  placed  in  methylated  spirit  for  a  day  if  they  are 
to  be  cmlvdded  in  relloidin  previous  to  cutting.  If  they  are  not  to  be  embedded  in 
c«lloidin  they  shouM  remain  in  the  spirit  for  three  days.  If  the  piece  of  brain  is 
Ukriy  to  become  disintegrated  when  cut,  it  should  bit  embedded,  but  if  it  is  an  entire 
maas  this  is  not  ncceasary.  Let  us  take  first  tlic  case  in  which  it  is  essential  to 
anb«d  it  in  celloidiu. 

After  Iwiiig  in  the  methylated  spirit  for  a  day  the  pieces  of  brain  are  transferred  to 
a  mixture  of  equal  parts  absolute  alcohol  and  ether,  and  are  subitcquently  embedded 
in  eolloidin  as  in  A.  From  the  methylated  spirit  in  which  the  cinWlding  process 
ia  oumplctcd  they  are  transferred  to  Ehrlitzki's  tluid  for  forty-eight  hours,  so  as  to  get 
fid  of  the  spirit,  and  are  afterwards  placed  in  the  w<irm  chamber  in  the  following 
•olntiuo : — 

Capric  sulphate 0*5  grm. 

Potassic  bichromate 2°5      ,, 

Freezing  fluid  "B"  (Sect  37)    ...     100       cc. 

A  stopper  bottle  should  be  used  to  hold  them,  so  that  the  liquid  does  not  become 
VOL  L  G 
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coDceatnted  by  eraporation,  and  the  be«t  tompentun  it  98*  F»hr.     Tb*;  w«  M\ 
in  the  inirm  chamber  for  from  two  to  three  dayi. 

Thoy  are  th«n  ready  for  cattioj;  in  the  ioe-fre«zer  with  a  pUning  iron  in  Hm 
usual  way.  Even  the  cortex,  which  i«  the  most  delicate  of  any  part  of  the  braia. 
will  be  found  to  cut  with  perfect  ease,  and  the  cclloidin  make*  such  a  txtautifu)  cai- 
iHilding  material  that  the  thiunrst  »ectinn»  can  be  hanilled  with  irnponity.  The 
wami  chamber  hiu  the  cifi-ct  not  only  of  causing  the  copptir  to  {lenetrato,  but  it  arill 
l>o  found  that  the  freezing  fluid  alao  Ktaki  in  much  more  thoroughly. 

The  tections,  as  they  are  cut.  must  be  rvceifed  in  Ehrlitxki'i  fluid,  not  in  wat«r,  and 
after  they  hare  Iain  in  this  for  a  frw  minute*,  they  are  transferred  to  methylated 
spirit,  and  an  thoroughly  washed  in  it  Th«y  should  now  hn  eui'loMnl  in  •  lajar 
of  collodion  in  the  following  manner,  so  a*  to  prevent  any  4o«tnintion  of  the  Mctfoa 
while  it  i»  staining  in  the  hiematotylrne.  I>oor  some  eol]o<iion  over  a  slide  and 
allow  the  sDiwrfluity  to  niii  off  Wlien  it  forms  a  thin  film  bring  the  Motion  out  of 
the  methylated  spirit  upon  it,  and  run  off  the  spirit  nntil  the  latter  Itecomca  aodden. 
not  dry.  Pour  a  second  layer  of  collodion  over  the  section,  and  when  it  has  fonB«d 
a  film,  rut  off  the  rolloiiinn  cli-me  up  ti)  ita  e<lgos.  The  section,  emb«dde<l  in  a  di 
layer  of  collodion,  will  now  be  found  to  strip  off  the  slide  with  the  grvatrat  Mua, 
is  ready  for  staining  in  hicmatoxvlena,  and  decolorising  aa  before.  The  hai 
lene  tradily  soaks  thnmgh  the  rollodion,  and  it  afterwards  jiwt  la  mdily  deroli 
by  the  ferriilcyanide  snlutlon.  If  it  is  not  necessary  to  embed  the  piece  of  brain 
eelloidin  before  nittirii',  it  is  simply  taken  out  of  the  nietliylate<l  spirit  and  tnuu- 
ferred  to  Etr    -  nil  for  twenty  •four  hours.     Tlie  subsequent  trvatmrat  is  the 

maw  u  in  tl^- 

Jttftntratiiiit  vj  iht    /Arfn/tA*ryfmr,  — As   the   hrmatoxylene   used   in   all   thas* 

prooaasea  it  considerable,  and  •*  it  (*  an  ex|>onsive  sulntance,  auiiie  means  by  which 

it  nuy  b«  regennatsd  is  worth  adopting.     Fleech   (No.  48,  iii.    188<I,  pp.  60-51) 

neommenda  the  following:— Aild  5  to  10  c.c.  baryta  water  to  about  £00  cc  of 

tha  naad  •ointion.    The  ntltturK  it  ahaken  and  allowvil  to  stand  for  twrnty-Conr 

A  (tream  uf  carbonic  arid  gat  made  from  marble  and  hydrochlorio  acid  ia 

paaaad  through  it,  and  after  twenty-four  hoars  it  ia  Altered,     The  filMwl 

itiou  la  said  to  be  aa  good  aa  ihe  original. 

Weis^ert's  Htematoxylrnf  Stain  for  Peripheral  NervM.— With  normal  nmrm 
the  method  sncce<'<la  wll,  but  with  morbid  ^Kloroaed}  nerrea  it  has  not  li^en  found  to 
)w  to  tervioeable.  Gelpkv  lindii  that  this  ia  due  ta  the  decolorising  solution  being  too 
rtinng.    It  ought  to  \»  reducol  to  a  fiftieth  of  the  atrength  r*'commenfled  by  Weigert 

Pal'a  Method  for  StAining  Nerve  Fibres.— Dr.  J.  I'al  of  the  Pathologiaa] 
Inatitute,  Vimuiii,  rrcommends  the  futlnwiiig  priioe«lure  for  staining  nerve  fibr«*  (tee 
So.  <5.  18«8,  i.  p.  6I0)i  -ThB  cord  or  brain  i<  hanlened  in  Muller's  fluid,  cut  \xj 
»mbs>lding  in  paradlM.  and  the  sections  are  received  in  ft>»idute  alcohol.  They  are 
■azl  placnl  in  a  I  (>ur  i-nnl  ai|u<<<>u<  M>lutii>n  uf  hvnmtnxylen'-  made  by  boiling,  with 
a  amali  projMjrtlon  uf  alntlud  ad>leil.  llireo  or  four  dro|>s  of  lithium  carbonate  toll- 
bM  to  U>«  10  «■'•  InrmatoxyUne  are  mixed  l>efi>re  using.  The  sections  are  allowed 
!•  tuin  in  this  for  five  to  all  hour*,  at  the  end  of  which  time  the}-  are  washol  in  water, 
If  thry  do  not  s*eln  t"  Iw  etioiigh  ■taiuvd,  a  few  dropa  of  the  lithium  solution 

y  lie  addo<l  to  the  wat>'r  In   wliiib  they  are   washed.     Tlic  se«li<ins   are  next 

ffrrentlale"!"  by  placing  tliMni  In  ■  )  |>ercout  aolution  of  (wrmanganateof  i>otash  for 

to  twenty  «KM>iiil«,  and  aflt'rwai'U  f"ra»hi>rt  time  In  I'al's eolation  (oxalic  aciil 

I  IHH^Milphide  of  (nlaiHliiiu  ( K/tt ),)  1  |iarl,  disUUed  water  200  |iarta).    If  black  speck* 
^H      g^Mgf  ,  "r  ir  wlitln  Slid  gnsy  are  not  distinctly  defined,  place  them 

^^^^35|||^,  <ii.     The  B»i'l(ii<is  ate  then  waalie<l  in  water  ;  doubly  ttaivetl 

^^^^F^  s,  •«'""'   '!>'"'"  "'""'I***  ■  dsliydrated  in  alcohol ;  clarified  in  oil  of  clores : 

w     
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The  "Pal-Exner"  Method  for  Staining  Nerve  Fibres.— This,  as  describetl 
by  Redfcra  (No.  6,  1888,  i.  p.  642),  is  saiJ  to  corudine  all  the  excellencies  of  Exner's 
original  method  (No.  12,  Ixxxiii.  Ab.  iii.  Feb.  1881),  and  possesses  the  additional 
advantage  of  the  preporutiong  being  pcmianent. 

The  fresh  brain  or  other  nerve  tissue  is  divided  into  small  cubes,  nnd  hardened  for 
tvo  days  in  a  watery  solution  of  perosmic  acid,  which  must  be  changed  at  len.st  twice. 
The  hardened  tissue  is  then  washed  in  water,  and  dipjied  for  about  two  seconds  into 
•baolnte  alcohol.  It  is  next  embedded  in  wax  mass  or  telioidin  and  cut  in  a.  Rivet- 
Lejraer  or  other  microtome.  The  sections  are  received  in  glycerine  ;  ai-e  transferred 
from  tliis  to  water,  in  which  they  are  thoroughly  washed  ;  and  are  aubsecjuenCly 
plAMd  in  a  I  per  cent  wat«ry  solution  of  potassic  permanganate  for  fourteen  to  fifteen 
•eoonda  in  order  to  differoutiato  them.  They  are  further  .'decolorised  in  "  Pal's  solu- 
tion "  (oxalic  acid  and  potassic  sulphide  of  each  1  part,  and  distilled  water  20O  parts). 
After  washing  in  water  thoy  may  bo  further  stained  in  safranino  or  picro-carmine. 
The  process  is  completed  by  dehydration  in  absolute  alcohol,  clearing  in  creosote,  and 
mounting  in  Canada  baUam. 

Golgi's  Method  for  Staining  the  Processes  of  Ganglion 
Cells.' — This  may  as  well  be  described  along  with  Weigert's  method 
for  staining  nen-e  fibres.  Pieces  of  cerebrum  or  ccrebelluni  about 
1  to  1^  c.c.  in  size  are  hardened  in  a  2  per  cent  bichromate  of  potash 
sohttion.  The  strength  may  after\vards  be  increased  to  3  per  cent. 
From  six  to  eight  up  to  thirty  days  are  uecesaaiy  to  complete  the 
hardening,  and  tlie  solution  should  be  frequently  changed.  The  pieces 
are  next  placed  in  0-5  or  0'25  to  1  per  cent  solution  of  perchloride  of 
mercury,  in  which  they  must  be  retained  for  eight  days  wlien  the 
pieces  are  small,  and  for  at  least  two  months  if  tlie  brain  is  entire. 
It  should  be  renewed  as  often  as  it  becomes  yellow-coloured^  ami  he 
ites  that  the  pieces  may  be   kept  indefinitely  in   it.     Tlie  nerve 

sue,  under  the  influence  of  the  mercury,  beconie.s  quite  colourless, 
while  tlje  nerve  cells  stain  black.  Subsequent  wa.shing  of  the  sections 
in  aodic  sulphide  solution  renders  them  darker.  The  sections  should 
b«  cl&hfied  and  mounted  in  some  balsamic  medium ;  or  they  may 
be  clarified  in  solution  of  ammonia. 

III.  Eosin. — {Tetra-brom-fluoresc^ln  Cj^H^Br^O..),  is  obtained  by 
be  Actioti  of  lironiino  ajjon  ftuorescem.* 

This  makes  one  of  the  Iwjst  contrast  stains  to  logwood,  when  the 
lattor  is  used  as  a  nuclear  staining  reagent.  It  gives  with  transmitted 
light  A  beautiful  pink  tint  which  has  a  special  affinity  for  white  fibrous 
and  some  other  tissues.  All  cirrhotic  organs  ciin  bo  beautifully  demon- 
Rtratcd  with  it  and  logwood  combined.  The  section  is  first  stained  in 
the  Iogwoo<l,  and  afterwards  laid  in  a  watery  solution  of  eosin  until 
the  requisite  tint  is  obtained.  If  the  preparation  is  to  be  mounted  in 
daramar  lac,  the  eosin  should  be  dissolved  in  the  spirit  employed  for 
clarification.  A  convenient  strength  is  \  |>er  cent  dissolved  in  water. 
Preparations  stained  with  this  reagent  may  be  mounteil  in  a  Huid  con- 

•  No.  49,  for  1M85  (1886),  p.  38. 

*  W«ak  tolutions  bar*  a  beautiful  pink  hue  compared  to  the  rosy  dawn  of  day. 
i  lb«  saoie  to$i>i,  from  i^,  dawn.     It  U  not  one  of  tha  aniUnaa,  as  la  often  stat«d. 
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tuning  giTcerine  auch  as  Farraats'  solution  ;  it  doe«  not  diasolvo  out. 
Thej  stain  in  about  a  minute,  and  care  eliould  be  taken  not  to  leave 
them  in  the  solution  too  long.^ 

IV.  Archil  (orseille)  is  a  colouring  matter  somewhat  like  litmus 
obtained  chiefly  from  the  lichen  Hotflla  tinckna.  It  may  be  occasion- 
ally employed  with  advantage  for  staining  animal  tiasoea. 

V.  Aniline  Dyes. — ITiese,  from  the  discovwy  of  their  dif- 
ferential colouring  projierties  and  reactions,  have  come  to  be  ranked 
of  lat«  years  among  the  most  important  of  stains  for  pathological 
tiwoea. 

Benedict  (No.  27),  divide*  the  coal-tar  ooloaring  nistten  into  tlirro  gTonfia, 
Bamely,  batie  eolowring  vuitttn,  acid  eolcwiny  maUert,  uid  iDdilfereiit  or  nevtrvl 
eUemrimf  mattm,  uceonhMig  to  thfir  propertiea  of  oombiniiig  with  mcids  or  ImaM,  or 
with  naitfaer.  The  basie  eolauring  matlrrs  are  alwmj-B  uaed  in  drcing  in  the  fonn  of 
tlMir  Mile,  that  ii,  of  their  compontidH  with  mineral  or  ot^nic  aoida.  Tbry  nil  ■■nii- 
taia  idtrogeB,  and  it  iit  to  the  presence  of  these  nitrogen  atom*  that  thejr  owe  thcii 
haaie  firopertiML    They  are  all  derived  fhim  the  type  ammojiia. 

Th«  »M  tolottring  matttn  contafin  hjdngn  atoaw  which  can  eaiilr  be  replaced 
by  BMtala :  in  other  wonli,  they  peaam  the  twwpeUji  of  cottluning  with  haaea  to 
fwu  aalU  with  the  simaltaaeoos  evolution  of  water. 

Tha  ntutral  eoUmriHg  matten  ai«  not  nnmcrous ;  it  aeema  that  there  arc  verjr  few 
oeal-tar  eoloan  which  do  not  poawaa  acid  or  banc  prapeftica.  The  only  oxaniple 
given  by  Benedict  {Ice^  cU.),  is  artifidal  indigo  obtained  tnm  ptoyi-'-  —  > 

Aniline  (C,H,NH,;  was  ori|pnally  derived  from  the  prodncta at  •  lUtion 

4(  ladigo  in  the  year  1626  by  Xnverdorben,  but  Is  now  almost  eiiiunv  miiainnl  for 
esaOMfdal  pnrpoaes  by  the  redaction  of  nitro-bentine  with  nascent  hydrogen.  It 
ia  a  cokiadcan  oil  boiling  at  183',  partly  soluble  in  water  (1  in  31),  and  acta  as  a 
alraag  baat.  Catnip  well  crystallised  aalta  with  acida.  The  aniline  oils  of  coiamerc* 
■n  a  adifw  of  aaUine  with  ortho-  and  {lan-toluidine  (Beawdiet).  When  mixtnna  of 
aaiBM  aad  taloUiM  are  basted  together  with  certain  ozidiiiagasnta  laeh  as  antak^ 
MoMt  «l  lia,  MMBOttric  ebioride,  etc.,  among  the  varioaa  Mifastaana  tanuU 
!«•  cnspsBada  Baaed  roaaailina  and  para-ftManiline.  The  dya  atoft  ei 
BB^ar  the  aniline  ootoors  are  deriratiras  of  thcae. 

^i|tiii»l  fibres  have  the  property  of  forming  stable  compoonds 
with  tho  "'«^'»«*  dyes,  and  hence  are  readily  stained  by  them.  Wool 
■ad  aSk  v  easily  dyed  with  the  most  of  tliem,  but  vegetable  fibre, 
•Bch  M  eottoo  and  linen,  are  noL  In  order  to  dye,  the  latter  a  mordant 
mtist  be  addad,  thai  is  to  say,  some  substance  to  form  a  com[N)t]nJ 
wUdi  will  adhere  to  the  fibres.  Aluminium  acetates,  copper  acetate 
or  »Blphat<»,  ferric  acetete,  and  salts  of  tin  are  those  in  conunooest  use. 
Hach  nan  ha%  no  doabc,  yei  to  be  done  in  the  oae  of  mcffdanu  in 
the  diArential  dyeing  of  pathological  tiaeaea,  nuenHMfuuBma,  etc, 
with  vaiioaa  reagents.     Weigrrt's  hiematoxyleDe-eo|iper  process  befora 
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Jesci-fbcd,  and  Koch's  tul>ert!le   bacillus  stain   are   examples  of  what 
magiaificent  results  may  be  obtained  by  their  use. 

Sduch  uncertainty  prevails  as  to  the  exact  composition  of  the 
indi"vidual  aniline  dyes,  and  they  should  always  be  obtained  from 
reli^Tjle  sources.' 

(«)  Mtihyl-indH  (CpH,.,(OH3)5N.,.HCl},  and  Gentmii-fiold.—YhG?,e: 
are  "very  closely  allied  in  their  effects,  although  the  subst-ances  sold  by 
the  ifchove  names  are  probably  distinct  in  composition.  They  seem  to 
iBT'^er  equally  well  for  staining  amyloid,  micro-organisms,  and  nuclei 
of  cells.      In  the  first  two  capacities  they  are  perhaps  most  useful. 

Heschl  (No.  12,  Ixxiv.,  iii.  Ah.,  Jahrg.  1876.  H.  1-5,  p.  270,  1877), 
Juergens  (No.  13,  Ixv.  p.  189),  and  Cornil  (No.  4,  1875,  p.  G7I), 
toeTH  all  about  the  same  time  to  have  discovered  the  {)eculiar  reaction 
wUich  methyl-violet  elicits  with  the  amyloid  substance,  and  gentian 
violet  ap])ears  to  have  exactly  the  same  properties. 

With  the  amyloid  or  wax-like  substance  they  give  a  distinct  rose 
pinA-  reaciion,  the  surroimding  nuclei  fibres,  etc.,  being  stained  from 
&dall  slate  blue  to  a  bright  purple,  according  to  the  quality  of  the 
leagent.     Waxy  tissues  to  be  stained  with  this  substance,  .should  be 
hardened  in  alcohol  or  used  fresh.     They  react  better  when  hardened, 
ind  if  the  full  reaction  is  to  be  brought  out  and  permanently  retained, 
ihey  should  not  be  hardened  in  a  chrome  salt  or  in  chromic  acid. 
Their  action  differs  from  that  of  safranino  and  other  substances  some- 
times employed  for  staining  amyloid,  in  respect  of  the  resulting  stain 
beinj:  a  distinct  test  for  the  amyloid  wherever  it  occurs,  not  a  mere 
eoloralion.      Methyl -violet  sometimes  goes  by  the  name  of  violet  of 
Paris. 

The   strength   to  employ  for   alJ    purposes   is    \    per   cent   solu- 
tion in  water.     If  bacteria  are  to  be  stained,  follow  the  methods  de- 
Krilxsd  under  Practical  Bacteriology  (Chap,  \-iii.) ;  if  amyloid,  allow  the 
tecdoQ  of  the  tissue  to  lie  in  the  solution  until  it  is  overstainei]  and  quite 
ojiaque,  and  suKsequenlly  wa.sh  out  with  dilute  glacial  acetic  acid  until 
the  pink  colour  of  the  amyloid  is  clearly  distinguishable  by  transmitted 
light      Various  strengths  of  dilute  acid  should  be  tried,   beginning 
with  about  1  to  10,  and  increasing  the  strength  if  this  does  not  bring 
out  the  colour  satisfactorily.     It  is  well  to  allow  a  little  excess  of 
colour  to  remain  over  and  above  that  which  will  be  desired  permanently 
as  the  next  proceeding  generally  removes  some  of  it.      Wash  in  water 
and   place  the  section.s  in  a  test  glass  containing   equal  parts  water 
and  glycerine,  changing  this  daily  as   long  as  the   colour  continues 
to  exude.      Mount  in    Farrants'   solution,  and   if,   from    the   section 
mounted  some  days,  the  colour  still  dissolves  out  into  the  mounting 
fluid,  place  the  whole  slide  in  water  and  gently  remove  the  cover- 
gUrn.      Wash  the  preparation  and  remount      It  will  not  dissolve  out 
after  this,  and  the  pink  colour  of  the  amyloid  will  be  found  to  be 
brilliMit,  while  the  blue  of  the  siurounding  parts  forms  a  charming 
•  Mom.  Beck,  68  CaniLill,  Loudon,  supply  tlieiu  of  cxcelleut  quality. 
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contrast  The  superfluous  stain  may  be  removed  with  alcohol,  but 
the  pink  colour  never  seems  to  be  so  bright  as  when  acetic  acid  is 
used.  Nothing  could  be  more  delicate  than  the  differentiation 
resulting  from  the  two  colours  when  acetic  acid  is  employed. 

Most  of  the  anih'ne  dyes  are  insoluble  in  the  neutral  oils  and  fats, 
but  methyl-violet  ift  an  exceptiouj  and  hence  it  will  be  found  that  fat 
cells  stain  deeply  with  it,  the  resulting  colour  being  a  deep  purplish 
blue. 

(/»)  Mcihtfl-gre^n,  comes  into  commerce  as  a  zinc  double  salt 
(Ci„Hi.,(CH3),-N3-CH.,CV-HC/  +  ZnC/.  +  H„0).  In  the  year  1880 
Curschinann  of  Hamburg  announced  (No.  13,  Ixxix.  p.  556),  that 
it  also  gives  a  reaction  with  amyloid.  The  section  is  treated  in  the 
same  way  as  in  the  foregoing,  the  wax-like  sulretance  staining  of  an 
intense  violet,  whde  the  non-waxy  parts  colour  green  or  bhush-green. 
The  colours,  although  very  distinct,  are  not  so  brilliant  as  those 
obtainable  with  methyl-^-iolet. 

(<■)  RostinUitie  (CjyHjgN,,). — This,  along  with  some  para-rosaniliiie, 
is  the  chief  constituent  of  the  dye  known  commercially  as  fuchsin, 
while  magenta  is  the  hydro-chloride  of  the  former.  The  acetate  of  I 
rosaniiine  is  also  sometimes  sold  as  a  m.-igenta.  It  is  more  soluble 
in  water  than  the  hydro-chloride.  Fuchsin  is  employed  in  pathology 
chiefly  for  staining  the  tubercle  and  cholera-bacilli,  while  it  also  occa- 
sionally stains  blood  corpuscles  in  a  most  remarkable  manner.  The 
blood  corpuscles  in  cert;un  pathological  tissues  (tubercular),  arc  par- 
ticulai'ly  liable  to  stain  differentially  with  it,  and  the  hydro-chloride 
seems  to  have  very  much  the  same  properties.  A  five  per  cent  solution 
in  water  with  a  little  alcohol  added  is  amply  sufficient  for  ordinary 
staining  jmriioses. 

j4cid  fudtsin  was  formerly  recommended  by  Weigert  for  staining 
nerve  fibres,  but  its  use  has  been  entirely  superseded  by  that  of  his 
haematoxj'lene  dye  (Sect.  43). 

{d)  Alethyhm  blue  (probably  Cj^H,^M^SH.Ci)  occurs  in  commerce 
as  a  double  zinc  salt.  It  makes  a  very  delicate  conti-ast  stain  for  the 
tubercle  bacillus  either  in  sputum  or  in  a  tissue, 

(e)  Aniline  Blue-black  (probably  Cg^H.^Nj). — Attention  was  drawn 
to  the  remarkable  power  possessed  by  this  9ub.stance  in  staining  nerve 
cells  by  Sankey  in  the  year  1875  (No.  28,  vol.  v.).  The  .substance  has 
two  peculiar  properties,  firstly,  that  it  will  stain  nerve  tissue  properly 
only  when  it  is  fresh  and  unhardened,  and,  secondlj',  that  it  will  not 
penetrate  into  the  tissue.  Sankcy's  method  consisted  in  staining  the 
surface  of  a  piece  of  fresh  brain  tissue,  drying  the  tissue  on  a  slide,  and 
getting  rid  of  the  unstained  superjacent  laj'ers  by  planing.  The  stained 
layer  left  lying  in  contact  with  the  slide  was  mounted  in  balsam. 

Lewis  improved  upon  this  system  of  staining  nerve  cells,  specially 
those  of  the  cortex,  in  the  following  manner  (No.  29). 

Sections  of  sufficient  thinness  are  cut  in  an  ether  freezing  micro- 
tome.   An  ice  freezer  is  not  suitable,  us  it  freezes  the  tissue  too  hard  and 
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ifaas  injures  it  The  piece  of  tissue  should  be  half  frozen  through,  and 
afewsecliona  selected  just  at  the  point  of  junction  between  the  frozen 
and  unfrozen  parts.  These  are  floated  into  a  vessel  filled  with  water. 
Fmm  tliis  they  are  transferred  to  a  dilute  solution  of  perosmic  acid, 
which  Ijii3  the  property  of  slightly  hardening  the  brain  substance  with- 
iiQl  interfering  with  the  stain.  The  strength  to  use  is  2  per  cent,  and 
ihey  are  left  in  it  only  for  a  few  minutt's.  From  this  thej-  arc  retrans- 
forred  on  a  watch -glass  to  water,  bo  as  to  remove  the  superHuous 
pcnwmic  acid,  and  are  tlien  immersed  in  a  sohition  of  aniline  blue- 
iiUclc  (J  jier  cent),  for  about  two  hours.  By  this  time  the  nerve  cells 
»re  all  tiioroughly  stained.  The  section  is  next  washed  in  water, 
brought  out  on  a  slide,  and  .lUowod  to  dry;  when  quite  dry,  it  is 
mounted  by  placing  a  drop  of  Canaila  Kalsam  on  it  and  a  cover-glass. 

There  is  no  method  to  lie  compared  with  this  for  demonstrating 
thf  nerve  cells  of  the  cerebral  and  cerobvllar  corte-x.  Unfortunately, 
howcror,  it  is  not  so  applicable  to  other  parts  of  the  central  nervous 
•ystem. 

(/)  Bismarck  or  Phenyhne  brown  (Cj^HjjNj  +  2IIC0  forms  a  capital 
ground -slain  for  tissues  previously  stained  in  haematoxylene.  Can- 
cerous tumours,  especially  tliose  of  the  breast,  are  particularly  beautiful 
when  (.'oloured  by  these  two  substances.  The  best  strength,  .is  with 
mo8l  of  the  others,  is  ^  per  cent,  and  the  section  is  left  in  it  only 
for  about  a  couple  of  minutes.  The  addition  of  a  little  alcohol  aids 
iu  solution.     Mount  the  tissue  in  Farrants'  solution. 

(g)  Vesutin  makes  another  contrast  stain  very  much  like,  if  not 

iJcolical  with,  Bismarck  brown,  and  may  be  emjdoyed  for  similar  pur- 

pojcs.     It  is  said  to  be  identical  in  eomposition  with  Bismarck  brown. 

(h)  dhrysoidin  {C^}I^'NS^f^U^(K}i.^\)  may  bo  used  as  a  contrast  stain 

for  tubercular  sjiutum. 

(0  ladiM  ifreen  is  highly  lauded  by  Gibbos  (No.  l.'i)  for  double 
staining,  as  it  is  not  so  opaque  iis  aniline  blue.  He  recommends  a  5 
|ter  c«ut  solution  in  water,  which  is  to  l>e  filtered.  The  section  must 
be  left  in  this  for  exactly  the  proper  time  to  give  it  the  retjuisite 
colour.  If  it  lie  too  deeply  stained,  the  superflutms  colour  cannot  be 
afterwards  removed.  "It  picks  out  all  the  nuclei,"  and  "in  growing 
bone  it  colours  the  unabsorbed  cartii.ige."  It,  nioreov-cr,  does  not 
fade  if  the  proper  commodity  is  procuied.  This  of  late  has  become 
somewhat  difficult. 

Ollur  AnUitu  Dyes. — Many  others  may  be  used,  such  as  Spiller's 
pttrjJe,  China  blue,  etc.     Those  described,  however,  are  the  most  im- 
Dttant ;  and  the  special  litres  to  which  they  are  put  will  be  descrilied 
Euuier  the  diseases  of  different  organs. 

Very  demonstrative  double  or  treble  staining  may  be  readily  effected 
by  their  employment  in  combination  with  logwood,  carmine,  or  some 
other  nuclear  st^tining  reagent. 

lAtmUure  on  Oenml  Principles  oj  Sdriniti'j  with  AnHine  byr-i. — Benedict:  The 
Cbciuiatry  of  the  Coal-tar  Colours,  translatoU  b>  Knccht,  1886.     Bersch  :  Die  Faliri- 
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MtloD  <L  AnUin-farbrtoflc,  Wivn,  1883.  Ehrlich  :  Arch.  f.  mik.  AomU,  >1U.  p.  VO ; 
Cb&riU-AnnaUa,  lB8t3;  Zeit^-lir.  (.  wivuiucli.  Mikrcwknpir,  u.  L  taSk.  IWhslk.  Hi. 
1S86,  p.  625.     Gierke:  Vyw^thT.  f.  wisunsch.   Mikronkopiv  a,  f.  mik.  Ttc^^nik.  IL 

1885,  Ji.  IS.  Griesbach  (AzofarbstotTr)  :  Arch.  f.  mik.  Auat.,  xrii.  1887,  p.  IM. 
H«nk^  (Aniline  Dyes):  Quart.  J.  Mic.  So.,  urti.  1SJ(J.  p.  401.  Homniel:  Tim 
dyeing  ot  Textile  Fabrio  (Manaalx  of  Techsnlogy,  ed.  liy  Ayrtoii  ami  VVonufll).  LoMlon, 

1886.  Jaquemin:  Comptes  rend.,  Ixxviii.  1874,  p.  130«.  Schultz:  tlmni*  iL 
St«iiikohleDth«.m,  etc.  1882.  Reeres  (How  to  Fix  Auiliue  Dyes) :  Brit.  Med.  J.,  IMS. 
i.  p.  450. 

VL  Nitrate  of  Silver. — In  staining  endothelin  of  serous  membranes, 
of  blood-vessels,  or  of  Ijinphatics,  or  in  elucidating  the  structure  of 
the  cornea,  there  is  no  reagent  to  be  compared  to  silver.  It  possesaea 
this  disadvantage,  however,  that  it  wUI  stain  the  tissue  onljr  when  it 
i>  living  or  immediately  after  the  animal  has  been  killed.  It  is  conae- 
qucntly  only  in  experimental  pathology  that  it  is  of  any  use,  or  in  the 
staining  of  recently  excised  parte  such  as  tumours,  etc.  For  the 
experimental  study  of  inflammation  it  is  quite  indis])ensablc.  It  baa 
the  property  of  staining  the  cement  substance  between  endothelial 
cells,  and  hence  blackens  their  outlines.  In  artiticial  keratitis  it 
demarcates  the  iuHamed  from  the  sound  parts  very  giaphicuUy,  by 
showing  the  broken  up  enclotiielium  of  the  plasma  canals.  In  |>eri* 
tonitia  it  shows  the  gemiinatiug  cells  derived  from  the  endothelium 
and  the  leucocytes  exuding  from  the  blood-vessels.  Tlie  best  strength 
is  from  i  to  j  \wt  cent  solution  in  distilled  water.  This  is  to  bo 
dropped  on  to  the  part  until  it  becomes  milky,  the  excess  washed 
off  with  care  in  «listilled  water,  and  the  preparation,  immersed  in  a 
mixture  of  equal  part.s  glycerine  and  distilled  water,  allowed  to 
booome  browu  in  the  light  but  not  in  the  direct  rays  of  the  sun. 
Care  should  be  taken  not  to  overstain  the  tissue,  as  all  silver  prepara- 
tions tend  to  become  too  black  by  keeping.  The  cornea  should  not 
be  placed  in  glycerine  and  water  but  in  dilute  acetic  acid.  After 
twenty-four  hours,  it  will  l>e  found  to  have  swollen  to  twice  or  throe 
times  its  natural  size,  and  can  then  Iks  easily  split  into  lamellie.  The 
endothelium  of  lymphatic  vessels  in  a  transparent  lissue,  such  as  tho 
central  tendon  of  the  diaphragm  in  the  rabbit  and  guinea-pig,  can  lie 
readily  stained  by  dropping  on  a  |  to  \  |i«r  cent  solution,  and  subse- 
quently washing  in  distilled  water. 

VII.  Tcrchloride  of  Gold. — This  is  open  to  the  same  objection  as 
•ilrer,  namely,  that  in  onltr  to  be  satisfactory  the  staining  mu»t  be 
done  in  a  perfectly  fresh  tissue.  A  great  deal  of  uncertainty  is  At- 
tached to  this  metho<i  of  staining,  chiefly  due  to  the  different  qualities 
of  gold  chloride  which  are  to  be  purchased.  There  seems  to  be  an 
impurity  in  some  of  them  which  invalidates  their  power  of  staining. 
The  pathological  tissues  for  which  it  should  be  employed  arc  tho 
artificially-inllamed  cornea,  ti-ndon,  or  cartilage,  or,  in  fact,  any  intiamed 
connective  tissues.  It  is  not  to  Im:  recommended  for  the  central  nervous 
sjstem  aa  ita  action  is  so  uncertain,  and  as  all  its  best  effects  can  Ijc 
brought  oat  by  Weigert's  hs?matoxylene  stain  (Sect.  43). 
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_-\.  pretty  strong  solution  is  usually  best,  about  3  per  cent  being 
moat,  serviceable  where  the  tissue  is  dense,  but  it  may  be  diluted  for 
utiles  r  tissues  down  to  J  per  cent.  The  usual  procedure  is  to  sojik 
4lie  tissue  in  the  solution  for  half  an  hour  or  less,  to  wash  in  distilled 
tlt<st,  and  to  expose  to  daylight  in  water  slightly  acidulated  with 
'acecic  acid  until  a  purple  colour  results, 

R«.nTirr's  well-known  method  (No.  18)  consists  in  soaking  the  fresh  tissue  in 
Icniou  juice  Tor  from  live  to  svvon  minatcs.  It  is  next  wusli^d  in  distilled  water,  and 
left  iza  the  gold  solution  for  twenty  uiiuutcs  to  half  &u  hour.  It  is  ngain  washed  iu 
mtcr  in  order  to  get  rid  of  the  au])erfluoii.s  gold,  and  allowed  to  staiii  in  the  dark  in 
1  n»Ljcturi5  of  1  to  4  formic  acid  and  water.  The  Rold  is  u-tually  eomplc-tfily  preoipi- 
Ute«l  u()on  the  preparation  in  twenty-lour  hours,  if  the  dtaiuiug  is  going  to  succeed. 

Ttiji  method  is  not  so  useful  as  the  former  for  cannectivo  tissues,  as  the  formic 
•oil!  is  liablo  to  destroy  endotholiam ;  it  is  recommended  mainly  for  tracing  the 
«aiLr««  of  nerve  fibres. 


Vni.  Perosmic  Acid. — No  pathologist  ought  to  be  without  this 

ica^nt    It  is  convenient  to  keep  it  in  a  stopper  bottle  as  a  1  per  cent 

solntion  in  distilled  water.      All  organic   matter  should  Ite  removed 

from  the  btottle  previously  by  rinsing  it  with  sulphuric  acid  and  suhse- 

qacDt  washing,   and    light  should    Ije  carefully  excluded.      A   i    per 

cent  solution  is  the  usual  strength  to  be  employed  for   pathological 

tissues.    It  blackens  all  fatty  and  caseous  degenerations  or  intiltiations  ; 

Hid  as  it  brings  these  prominently  into  view  is  natundly  a  valuable 

to»t  for  them.     It,  further,  stains  ordinary  tissues  of  the  most  delicat*? 

gniydirown  or  gray-green  tint,  and  sharpens  the  outlines  of  cells  and 

fibrei 

The  naoAl  instrnctiona  given  for  its  use  as  a  staining  reagent  are  to  put  the  fresh 
BuiurdeDed  tis«ne  in  a  (  to  ^  per  cent  solution  in  water.  A  far  more  dolicatc  stain 
it,  huwvver,  obtained  if  the  tissue  b«  first  hardened  iu  Miillcr's  lluid,  cut,  and  M« 
•Ktim  then  stained  in  a  }  to  J  per  cent  solution.  Two  methods  of  staining  can  lie 
tdopted,  the  latter  of  which  is  specially  useful  for  pathological  tissues.  The  lii'st 
i«tol»y  the  section  in  the  solution  for  twenty-four  hours,  to  wash  it  in  distilled 
vater,  and  to  transfer  it  to  preservative  fluid  (Sect.  40).  The  second  is  simpler, 
hnt  requires  longer  time.  Add  a  little  of  the  solution,  about  1  part  in  10,  to  the 
(■raerrative  fluid,  mix  thom,  and  leave  the  section  iu  this  mixture  until  it  is 
nifficicntly  blackened. 

It  niukes  an  excellent  combination  stain  with  picro-carmine,  some  of  the  effects 
in  flat-celled  epitkelioniata,  cirrhotic  kidneys,  and  liver  being  most  chamiiug.  Tho 
tiaiue  is  fixat  stained  in  perosmic  acid  by  either  of  the  above  procedures ;  it  is 
next  thoroughly  washed  ;  and  is  subsequent!}'  stained  in  picro-carmino. 

All  tiwaes  stained  in  perosmic  acid,  or  in  this  combined  with  picro-carmine,  ought 
to  be  mounted  in  Farrants'  solution  or  glycerine  jelly. 

A»  •  hardening  reagent  it  may  also  be  employed  for  ctrtoin  tissues,  bat  is  not 
'  M  Hrviceable  in  this  capacity  as  in  that  of  a  stain. 

IX.  Iodine  staining  fluid  is  used  for  organs  affected  with  the 
(•lilce  disease.     It  should  bo  made  with  Liquor  lodi  (Pliar.  Brit.)  and 
rater,  of  such  strength  as  to  assume  a  fight  brown  colour.     It  ought 
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to  be  kept  in  a  stopper-bottle,  and  when  used  the  section  is  placed  in 
a  test-glass  half  filled  with  the  solution  and  moved  about  with  a  needle 
so  as  to  bring  it  in  contact  with  as  much  of  the  iodine  as  poaaible. 
It  ought  not  to  be  too  strong  for  microscopic  purposes,  not  nearly  ao 
strong  as  that  previously  rcconnneiided  for  nnked-eye  staining.  Iin- 
modiatcly  on  the  amyloid  part  of  the  section  assuming  a  brown  colour, 
it  should  be  removud,  pluced  in  a  basin  of  water,  and  ra))idly  mount*<d 
in  iodine  mounting  fluid  (Sect.  45).  The  stuiu  is  so  volatile  that  a 
great  part  of  it  will  be  lost  if  ex]>os«d  too  long.  Tissues  to  be  stained 
with  iodine  should  either  be  fresh,  or,  what  is  better,  hardened  in 
alcohol.  Those  hardened  in  chromic  acid  or  its  salts  never  give  the 
reaction  satisfactorily,  nor  is  it  f»ermanent  in  them.  Sections  of  wax- 
like  organs  stained  with  iodine  should  be  employed  only  for  low 
powers  of  the  microscope  (50  diams.) ;  methyl-violet  is  infinitoly 
more  delicate;  and  precise  as  a  staining  agent  The  cover  -  gla.<(« 
should  be  cemented  as  soon  as  ]>ossible  so  as  to  prevent  the  iodinr 
Mcaping. 

If  looked  at  with  transmitted  light  the  waxy  parts  have  the  colour 
of  red  maliogany,  and  the  reaction  is  not  at  all  distinctly  seen.  In 
order  to  bring  out  the  true  mahogany  brown  colour,  the  preparation 
must  be  examined  with  direct  light.'  The  waxy  parts  will  then  be 
tuisily  distinguished  from  the  surrounding  tissue.  Bemember  that  the 
tvhole  section  stains  with  iodine ;  but  the  waxy  port  stains  dark  brown, 
while  the  parte  which  are  not  waxy  stain  iodine  yellow. 
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Lxltratur*  on  Gmtml  MeOtctU  of  Stnimng.—AraaXxia  (Mrtkylene  Blae) 
Adl,  ii.  li4S7,  {•.  661.  Babes  (Safrum)  :  Arch.  f.  inik.  An&t.,  nil.  18&).  p. 
Cbeyne:  PractiUoDcr,  xu.  1883,  p.  241.  Dekhujsen :  (ViitmlM.  t.  J. 
Winuuch.,  xxiv.  1886,  pp.  831-945.  Ehrlich  iMrllivUiie-Klur  l(<-a<'tiun  nf  Nerrc 
Tianet):  Deut.  med.  Woebniehr.,  xii.  1886,  p.  49.  Lustnrten  (Victuria  Blue  for 
MttoM  uid  Ela«tic  Fibtn):  Med.  Jahrb.,  1886,  t  p.  28.'>.  PfefTer :  Zeitschr.  f,  trie 
■Wteh.  MikrrHkopie  n.  f.  miJc.  Technik.  iiL  1886,  p.  542.  Sahli  (DoiiUc  SUininK  of 
Kri  u):   ZtM-hr.  i.  wiuciucli.  mikr.,   u.    1885,  p.    13.      Schiefferdeckcf 

(^W  .aloxylen*  for  other  Nerve  Element*):  AtuvL  Am.,  U,  J887,   p.  680. 

Schii.Lit  •  '  u."  ■i-w..B1u«  Reaction  of  the  Cell  Gmnule) :  AnaL  Af  ■  l'"", 
p.  684.      Segin  -■  I^rge  SectioiM  of  Brain):  Med.  Bee.  N.  Y.,  »  ]•. 

184.     Stirling  aTr«bI«  Staining) :  J.  Anat.  and  Phyniol,,  xv.  1.^- 

aUo  (Tli»  Sulpbix-yanida*  of  Ajnmenium  and  Potaaaiom) :  J.  Anat.  and  I'lijrtiul.,  xni. 
188S,  p.  207.  Renant  (Eoain  and  Olyoerioe  Hcmatoxylone) :  Arch,  do  I'hyiioL  norm. 
•t  |«ih.,  vrii.  1881,  p.  040.  Unna  (Chemical  Theory) :  Arch.  1  mlk.  Anat,  xxx.  1887. 
|i.38. 


CuARiFYiNG  Reagents. 

44.  With  prcijarations  which  are  mounted  in  Farrants'  solution  or 
glycerine  jolly,  no  further  clarification  is  necessary  than  tliat  which  is 
prtxiuccd  by  Uieso  media.  Where  Canada  balsam  or  gum  dammar  is 
to  be  employed,  some  means  of  clarifying  the  preparation  before  mount- 
ing is  requisite. 

'  On  a  bright  day  It  i*  iiifllcieot  aim  ply  to  turn  round  the  dark  dde  of  tlia  rnirmr  j 
fc«t  if  the  light  b«  IsMfloirat,  s  eoodwaer  muat  be  r«*art«<l  Ut, 


eiuf.  VI 


OLARIFYINO  REAGENTS 


91 


Tie  Mction,  innnrdiatcly  srUr  being  cat,  ouglit  to  be  floated  in  a  basin  of  trater 
until  all  the  air-bolls  hare  iltsap|ieare<l,  and  until  the  freezing  fluid  is  removed.  It  ia 
ihni  pUced  in  a  wcond  haain  of  water  and  tranaferred  to  a  slide.  In  doing  .so  tlie  ilide 
ii  Iclil  peqiendicularly  id  the  left  hand  and  lUould  be  immersed  about  three-fourths 
in  thf  water.  Do  not  lay  it  horirontally  under  the  section,  and  endeavour  to  with- 
ilnv  the  Utter  upon  it  in  the  horizontal  {lositinii,  as  almost  to  a  certainty  it  will  be 
arrinl  off  the  slide  by  the  excess  of  water.  With  a  ntfilte  drag  one  edge  of  the  pre- 
|«nlioti  on  to  the  dry  upper  part  of  the  slide.  It  will  stick  to  it,  and  the  slide 
may  now  \mi  withdrawn.  Very  probably  the  section  will  be  folded  at  the  upjjcr  edge. 
Tlir  folds  are  unnvelled  by  reversing  the  position  of  the  slide  so  as  to  immerse  the 
fol<Jni  part  iu  the  water,  and  by  shaking  gently.  Never  on  any  account  touch 
lit  |ii«]iaration  with  camol's-hair  brushes.  There  is  no  means  by  which  a  delicate 
(ertioD  nf  |>erhaps  an  inch  to  an  inch  and  a  half  in  diameter  can  be  spread  out 
iritiinut  injury,  unless  by  floating  it  in  some  liquid. 

Tlie  ilido  is  next  to  be  dried  by  placing  it  upright  for  a  few  rainutca  and  subac- 
inrntly  removing  the  water  with  a  piece  of  old  linen  rag,  or,  what  is  often  as  good, 
with  the  finger.  When  as  much  of  the  water  is  got  rid  of  as  possible  without 
wtBolly  drying  the  preparation,  methylated  spirit  is  alloweil  to  run  over  it,  the 
excta  being  drained  off  at  one  end  of  the  slide.  Three  applications  of  the  methy- 
l«t«d  spirit  are  usually  enough.  The  preparation,  however,  must  be  movod,  so  as 
to  itiaiwv  that  the  spirit  gets  completely  underneath  iL  Alwolute  alcohol  is  next 
allowed  to  ruu  over  it  and  to  soak  thoroughly  into  it  iu  a  similar  fashion,  one  ap- 
plication of  this  being  suflicient.     It  is  now  ready  for  the  clarifying  reagent 


The  chief  clarifying  media  which  are  employed  are  oil  of  cloves,  tur- 
pentine, creosote,  xylol,  and  oil  of  bcrganiot.  There  are  several  other 
easential  oils  which  may  also  he  used.  In  selecting  a  particular  clari- 
fying reagent,  the  following  ought  to  be  the  guiding  principles  : — Oil  of 
cloves  is  pcrhiips  the  most  powerful  «nd  the  most  convenient,  as  it  does 
not  readily  ev.-vporate,  and  so  can  be  left  exposed  without  danger  of 
the  section  drying.  Where  a  preparation,  however,  is  stained  with  an 
aailinn  dye  it  should  be  avoided,  as  in  course  of  time  it  destroys  the 
ttjun.  Xylol  is  much  the  best  for  such ;  and  if  a  solution  of  Canada 
balsam  or  gum  dammar  is  to  l>e  the  mounting  medium,  these  should 
b«  dissolved  in  xylol  Weigert's  lisematoxyleno  stain  for  nerve  fibres 
also  fades  when  oil  of  cloves  is  employed,  and  hence  xylol  is  likewise 
preferable  for  sections  so  stained. 

The  spirit  is  to  be  allowed  to  evaporate  until  the  section  assumes 
a  sodden  appearance,  but  on  no  account  nuist  it  be  allowed  to  dry. 
If  it  dries,  it  will  be  spoilt  What  should  be  aimed  at  is  merely  to 
|iQinove  as  much  suprrjluous  spirit  as  iK)ssibIe  before  the  chirifying 
'•gent  is  applied.  Witli  a  goat-hair  or  sable-hair  bnish,  slip  a  drop  of 
the  clarifying  fluid  ttndtr  one  corner  of  the  preparation,  and  hold  the 
slide  at  such  an  inclination  that  the  drop  will  rwulily  find  its  way  under 
the  whole  section.  This  can  easily  be  accomplished,  oven  in  the  largest 
pections,  if  too  much  spirit  is  not  allowed  to  evaporate.  Tlie  great 
point  to  lie  attended  to  is  to  insinuate  the  drop  of  clarifying  fluid 
utuirr  the  preparation,  so  that  the  heavy  oil  of  cloves  or  bergamot,  as 
the  ca£e  may  be,  will  the  more  readily  displace  the  lighter  spirit.     If 
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thia  is  successfully  aecomplislieil,  without  allowing  any  of  the  oil  to 
run  over  the  surface,  the  section  will  clarify  almost  instantaneously. 
Should  any  part  of  the  preparation  remain  milky,  too  much  spirit  has 
been  left  upon  it,  or  the  alcoliol  finally  a]>plied  has  not  been  absohite. 
To  hasten  the  clarification  in  such  a  case,  place  the  slide  for  a  few 
minutes  on  a  wai-m  surface,  such  as  a  mantelpiece. 

When  the  clarifying  agent  has  found  its  way  through  the  section, 
and  the  spirit  has  fiown  off,  the  surface  of  the  preparation  should 
be  touched  all  over  with  tho  clarifying  agent  by  means  of  the  bnisk 
The  superfluity  is  allowe<l  to  run  off,  the  slide  is  dried  close  into  the 
edge  of  the  section,  and  is  mounted  in  Canada  balsam  or  gum  dammar. 

The  method  of  clarifying  and  mounting  is  suitable  for  several 
tissues,  but  should  by  no  means  be  universally  adopted.  With  most, 
path<dogical  objects,  it  gives  an  enttrely  artificial  and  erroneous  im- ' 
pix'ssion  of  their  structure.  It  is  well  suited  for  injected  preparations, 
for  the  central  nervous  8yst<;m,  and  for  demonstrating  several  other 
pathological  conditions  to  be  afterwards  described  in  detail.  It 
should,  however,  never  be  employed  alone  ;  an  unclarified  pre]>aration 
mounted  in  Farrants'  solution  should  always  be  examined  collaterally 
with  it. 

A  copper  "lifter"  i»  Bometinies  recommenilcd  for  transferring  tho  preparation  to 
the  oil  of  cloves.  Tlii.«  is  uanuccMary,  an  thu  whole  u[)«ratioi)  of  clarifying  can  be 
conducted  on  the  slide  much  more  quickly  and  with  less  clinnM  of  injury  to  the 
section. 

Wliorc  embryos  or  other  small  objects  are  to  be  embedded  in  [mrnfBn,  it  U 
better  to  clarify  the  whole  erabrj'o  before  cutting  it,  as  the  jiarallin  atUi^rps  much 
better  than  when  tho  embryo  is  simply  plaecd  in  it  out  of  s|>irit.  So  long  as  the 
object  is  small  thin  can  be  readily  done  by  placing  a.  little  oil  of  clove*  in  the  bottom 
of  a  porcelain  dish  or  watch  glass  atid  iitimcrsiug  the  embryo  or  other  body,  pre- 
viously soaked  in  ahsnlnte  alcohol,  in  it  for  twenty -four  hours  or  longer. 

Where  an  essential  oil  is  inadniisiiblB  for  the  clarifyiiif5  of  a,  section,  creosote  may 
be  substituted.     It  renders  sections  of  brain  and  spinal  cord  very  transparent  in 
short  time.     It  should  be  used  in  the  same  way  as  oil  of  cloves. 


Mounting  Fluids. 

45.  The  choice  of  a  mounting  fluid  depends  upon  the  nature  of  the 
tissue,  its  staining,  and  whether  it  haa  been  clarified  or  not  They 
may  be  divided  into  two  sets  according  as  the  tissue  can  be 
mounted  in  tho  medium  directly  from  wat<?r,  or  requires  first  to 
pass  through  spirit  and  a  clarif3'iTig  reagent.  Among  the  former  are  to 
be  included  Farrants'  solution,  camphor  mounting  Ihiid,  iodine  mount- 
ing fluid,  glycerine  jelly,  and  glycerine;  while  the  most  important  in  the 
latter  are  the  various  solutions  of  Canada  balsam  and  giim  dammar  in 
chloroform,  turpentine,  benzole,  xylol,  etc.  Tho  two  sets  are  dis- 
tinguished by  the  letters  A  and  B. 

Set  A,  (Sections  mounted  in  these  do  not  rcqtiire  to  be  clarified). 
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(1)  Farrants'  Solvtion. — Of  all  mounting  fluids  for  pathnlogic;xl  tissuei 
this  is  by  far  the  most  convenient  and  trustworthy.  It  is  tnistvvorthy, 
kec»u§e  one  is  certain  that  it  will  not  give  rise  to  an  artificial  appear- 
ince  from  over-clarification,  as  ia  often  the  case  when  solutions  of 
Cannrln  balsam  or  gum  dnnimar  are  cm]»loyed.  It  seems  to  be  a 
perfect  preservative  wiien  properly  made,  the  appearance  of  the  tissue 
ufU'D  improving  the  longer  tiie  preparation  is  kept. 

The  original  receipt,  as  given  by  Farrants,  was  to  make  a  mixture  of 
equal  parts  of  glycerine,  saturated  solution  of  arscnious  acid,  and  muci- 
l»g«  of  gum  acacia.     This  will  be  found,  however,  to  contain  too  little 
gam,  and  the  following  modification  will  be  found  better  (Hamilton): — 
Make  a  sjiturated  solution  of  arsenious  acid  in  ilistilled  water  by  boiling. 
Allow  it  to  stand  for  twenty-four  hours  and  filter.     Mix  equal  quanti- 
ties of  this,  glycerine,  and  water,  and  add  Kufficient  picked  gum  acacia 
to  convert  the  liquidl  into  a  thick  syrupy  Huid.      It  is  best  to  allow  an 
excess  of  gum  to  stand  for  a  week  or  so  in  the  solution,  stirring  daily, 
and  then  to  dniin  off  the  liquor  from  the  residue.     It  must  now  be 
slowly  filtered  through  paper,  the  paper  being  changed  every  day. 

This  medium  should  not  be  employed  for  a  preparation  stained  in 
silver,  gold,  or  iodine,  nor  for  one  wliich  has  been  injected  with 
Prussian  blue ;  but,  with  these  exceptions,  there  is  hardly  a  patholo- 
gical tissue  for  which  it  is  not  available.  It  is  earnestly  to  bo  desired 
that  a  medium  possessing  a  refractive  power  not  higher  than  this  bo 
«mploye<l  more  frequently  than  such  mounting  fluids  as  Canada  lialsam 
or  gum  dammar.  This  ought  to  be  remembered  when  the  object  ia 
intended  for  high  powers  of  the  raicro.sco[)e  even  more  than  when  the 
magnifying  power  is  to  be  comparatively  low.  Each  set  of  media 
has  its  advantages,  but  for  the  generality  of  tissues  the  transparency 
obtained  by  those  cla.ssified  under  "  A "  is  much  to  be  preferred 
to  tlio  somewhat  artificial  effects  brought  out  by  those  included 
under  "  B." 

It  should  always  bo  kept  in  mind,  however,  that  as  Farrants'  solu- 
tion docs  not  render  the  tissue  much  nir)re  transparent  than  it  is 
naturally,  extremely  thin  sections  must  alone  be  mounted  in  it — a 
proceeding  which  is  infinitely  superior  to  that  of  making  a  thick 
section  diaphanous  by  an  artificial  clarifjing  reagent, 

If  it  is  desired  to  make  a  preparation  mounted  in  Farrants'  solu- 
tion very  transparent,  it  should  be  ])biced  without  being  cementc;il  in 
«  worm  chamber  (100°  Fahr.)  with  free  ventilation,  for  several  days. 
The  longer  it  is  left,  the  more  transptarent  it  will  become,  until  a 
transparency  almost  equal  to  that  of  oil  of  cloves  may  l)c  obt^iined. 
It  mast  be  cemented  with  zinc  white  as  soon  as  it  is  removed  from  the 
warm  chamber.  This  is  oflen  useful  where  it  may  be  inconvenient  to 
mount  the  preparation  in  balsam,  or  where  a  degree  of  transpsu-ency, 
intermediate  between  that  obtjxinablo  by  this  substance  and  F;irranta' 
solution,  may  be  desired.  Very  demon.strative  naked-eye  preparations 
of  the  medulla  and  pons  may  be  made  in  this  way. 
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The  section  to  be  mounteil  in  it  should  be  taken  out  of  vater 
in  the  same  manner  as  that  formerly  recommended.  All  the  wrat«r 
should  be  removed  from  the  slide  close  up  to  the  preparation,  and 
88  much  as  possible  from  the  preparation  itself  without  drjing  it. 
A  drop  of  the  medium  is  now  allnwed  to  fall  upon  it,  care  being 
taken  not  to  churn  up  air-1>ell8  in  the  bottle  by  drawing  the  gUn 
rod  out  too  quickly.  It  is  next  covered  with  the  cover  slip,  prrsM<i 
gently  down,  the  superfluous  medium  removed  witii  a  soft  rug,  and 
left  ill  a  dry  place  for  ten  days  to  a  fortnight  before  being  ccmt-nted. 

(2)  Camphor  Mounting  Fluid  (Hamilton). — In  order  to  avoid  the  de- 
com^tosing  action  of  the  arsenioiis  acid  upon  various  metallic  stains 
a  mixture  made  virtually  on  the  same  principle  as  Farranta'  solution, 
but  containing  camphor  instead  of  arsenic,  may  be  substituted.  The 
receipt  is  the  following  : — 

Camphor  water  ......        2  parts. 

Glycerine .......        1  part. 

Saturate  with  picked  gum  acacia  as  in  making  Farrants'  solution,  and 
filter  through  {hi per.  Keep  in  a  stopper  bottle  with  several  small  pieow 
of  camjthor  floating  in  it. 

It  is  chiefly  useful  for  Prussian  blue  injections. 

(3)  Iixline  Moulding  Fluid  (Hamilton). — This  is  employed  for  mount- 
ing sections  of  waxy  organs  stained  in  iodine.  The  section  is  stained 
in  the  nuiuncr  d&scrilx>d  under  staining  fluids,  and  a  large  drop  of  the 
fluid  is  placed  over  it.  A  cover-glass  is  adjusted,  but  shouM  not  bo 
prened  down.  It^  liko  the  camphor  medium,  is  made  essentially  in 
the  nme  way  as  Farrants'  solution,  but  iodine  is  added  instea*!  of 
arsenic  or  camphor. 


Take  of  Glycerine 
„      Water 
„     Liquor  iodi  (Phar.  Urit) 


1  or- 


}, 


Saturate  with  picked  gum  acacia  as  before  and  filter  through  paper, 
Keep  in  a  stop|H<r  l)Otlle. 

(4)  Gljfcrriiu  Jelly  (Hamilton), — To  make  a  good  glycerine  jelly  for 
mieroscupic  purposes,  there  should  be  as  little  water  in  its  composition 
as  ia  consiatent  with  the  melting  and  sulscqucnt  consolidation  of  the 
gelatine.  What  one  desires  in  this  medium  is  as  much  glycerine  u 
|)088ible  with  just  sHflicient  gelatine  to  cause  it  to  gelatinise. 

A  r(iiantity  of  French  gelatine  is  soaked  in  water  until  it  liccnmes 
pliable  (about  ten  minutes).  The  water  is  roughly  run  off  from  it, 
or  it  may  be  partially  dried  in  a  towel  It  is  next  melted,  and  15 
oaoc«a  of  this  and  30  ounces  of  glycerine  are  mca;5ured  ouL  Th9 
white  of  an  egg  is  beat  up  with  half  of  the  glycerine,  while  1  ounce 
of  liquid  carbolic  acid  is  added  to  the  other  half.  The  gelatine  is 
allowed  to  cool  as  much  as  possible,  without  actually  causing  gelatini- 
sation.     The  glycerine  containing  the  white  of  egg  is  then  itdded. 
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uid  the  two  are  boiled  within  a  flask  in  a  water  hath.  When  the  egg 
begins  to  precipitate  in  flakes,  the  other  hiilf  of  the  glycerine,  con 
Laining  the  carbolic  acid,  is  to  be  added  and  the  whole  mass  boiled 
nnlii  it  separates  into  a  clear  liquid  and  a  tough  ullmniinous  scum.  It 
i»  now  pa&sed  through  muslin  to  remt)ve  the  albumin,  and  subsequently 
filtered  through  paper.  The  latter  is  a  somewhat  tedious  opetation, 
mil  a  hot  water  filter  should  be  employerl,  or  the  filtering  apparatus 
m»y  be  s«t  down  at  a  short  fliatanre  from  a  fire,  the  paper  being 
frequently  changed.  The  resulting  liijuid  will  be  found  to  be  quite 
tnuuparent,  and  to  be  a  perfect  preservative. 

When  about  to  be  used,  it  should  be  melted  in  hot  water  and 
droppe<l  on  to  tlie  section,  a  cover-glass  Iteing  immediately  applied  and 
gently  pressed  down.  It  gelatinises  in  a  few  minutes.  The  sujver- 
linous  jelly  is  cut  off,  and  the  cover-glass  secured  with  a  ring  of  white 
zinc  cement. 

This  forms  a  beautiful  mounting  medium,  and  can  be  adapted  for 
nil  purposes  to  which  glycerine  or  Farrants'  solution  is  applicable. 
It  should  not  be  exposed  to  the  atmosphere,  as  it  rapidly  absorbs 
wat€r. 

(5)  GUjrerine,  although  it  makes  when  in  combination  one  of  the 
most  serviceable  of  mounting  fluids,  is  not  tn  be  recummended  by 
itself,  unless  perhaps  for  tissues  stained  in  silver  or  gold,  and,  even 
with  these,  glycerine  jelly  will  be  found  to  be  prefeniblc.  It  is  dis- 
idvaotageous,  firstly,  because  it  is  very  difficult  to  cement  the  prepa- 
ration BO  as  to  prevent  it  from  oozing  out ;  and,  secondly,  because  it  is 
not  a  perfect  preservative.  The  foregoing  mixtures,  into  whose  com- 
position it  largely  enters,  are  jireferable. 

Set  B.  (Sections  mounted  in  these  all  require  to  be  previously 
clarified. ) 

(1)  Caruidti  Halmtn. — This  may  be  used  in  its  pure  state  for  mount- 
ing micro-organisms  dried  on  a  slide,  or  for  l»one.  With  other  more 
deUcate  structures  it  is  too  thick  and  requires  to  l»e  dissolved  arti- 
ficially. 

(2)  Cnnnda  Bnham  and  Xylol.  —  Place  some  Canada  balsam  in  u 
wide-mouthed  stopper  bottle  in  a  warm  chamber  or  by  the  side  of  a 
fire,  the  stopjier  being  withdrawn.  Allow  it  to  remain  until,  when 
cold,  it  forms  into  a  hard  cake. 

Add  one  and  a  half  times  its  bulk  of  xylol,  and  replace  the  stopper. 
Stir  die  mixture  daily  until  the  balsam  is  dissolved.  Filter  through 
pap<?r,  and  if  it  gets  too  thick  in  filtering,  add  a  little  more  xylol  and 
renew  the  filtering  paper. 

Where  a  section  is  stained  with  an  aniline  dye  or  with  Weigert's 
lucmatoxylene,  this  medium  is  to  l)e  preferred  to  the  following,  as  it 
docs  not  came  the  stain  to  fade.  Preparations  to  bo  mounted  in  it 
should  have  been  previously  clarified  in  xylol  or  oil  of  bergamot.     Oil 

cloves  may  be  employed  in  the  first  instance,  as  it  clarifies  so  readily, 
kd  be  subsequently  washed  off  with  either  of  the  above. 
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PART  t 


(3)  Damnuir  Lnc- 
roceipt : — 

Gum  (lainmar 
Gum  mastic 
Turpentine 
Chloroform 


-Klein  (No.   16)  gives  the  following  exoellent 

^  02. 

i  „ 
I  i  to  2  fl.  OK. 


Tlie  gum  dammar  is  dissolved  in  the  tuqientine,  and  the  mastic  in  the 
chloroform.  The  two  solutions  are  filtered  separately  and  subsequently 
mixed. 

The  above  solid  constituents  may  also  be  dissolved  in  4  ounce*  of 
benzole  and  filtered.     This  solution  dries  quicker  than  the  other,  and  j 
perhaps  is  not  so  liable  to  cause  stains  to  fade. 

In  making  either  of  these  the  greatest  care  should  be  taken  that 
the  vessels  employed  are  perfectly  dry.  It  is  well  to  rinse  them  out 
first  with  alcohol  and  subsequently  with  chloroform  or  turpentine  before 
using. 

Both  solutions  are  best  suited  for  preparations  clarified  in  oil  of 
cloves. 


Co\'KriiNo  THE  Preparation  and  Cehenting  It. 

46.  Care  should  be  taken  that  the  cover-glass  is  very  thin,  as  it  is 
disappointing  to  find  after  finishing  the  preparation  that  it  cannot 
be  examined  with  a  high  power  of  the  microscope,  or  witl>  an  iuinien>ion 
lens  on  account  of  the  thickness  of  the  glass.  A  drop  of  t)ie  mounting 
fluid  is  put  on  the  section,  and  the  cover-glass,  sustained  between  the 
forefinger  and  tlmmb  of  the  left  hand  at  an  angle  of  about  45*,  is 
approximated  to  the  drop  until  the  lower  edge  touches  it.  A  needle 
is  hold  in  the  right  han<l,  not  as  a  writing  pen  is,  but  parallel  to  the 
table,  as  one  in  fact  holds  a  violin  bow.  It  is  slip|>ed  under  the  upper 
edge  of  the  cover  glass,  atid  the  latt«r  is  gradually  lowered  over  the 
drop  of  mounting  liquid. 

The  best  cement  for  all  preparations  is  made  of  the  following 
constituents : — 


Gum  dammar 

White  oxide  of  xinc  (finely  ground) 

Benzole    ..... 


2  oz. 
2  dra 
2  fl.  oz. 


Dissolve  the  gum  dammar  in  the  benzole,  and  mix  the  zinc  with  it  in 
a  mortar.     Filtor  through  muslin. 

Farranta'  solution  or  glycerine  jelly  preparations  may  be  directly 
sarroundml  with  thijs ;  but  if  the  prefKiration  1j«  mounted  in  solution  of 
OaiU4la  b.ali«am  or  gum  dammar,  it  is  necessary  first  to  put  on  a  ring 
of  liquid  glue  to  prevent  the  cement  from  running  under  the  cover. 

The  ring  should  be  made  on  a  turning  tabic  and  a  goat's>hair 
bnuh.    In  cleaning  a  Fanante'  solution  preparation  previous  to  cement- 
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ing  it,  the  following  method  is  to  be  adopted  : — The  cementing  should 
not  be  done  until  the  preparation  has  been  mounted  for  ten  days  to 
a  fortnight ;  and  during  this  time  the  slide  should  have  lain  in  a  dry 
place,  so  that  the  mounting  fluid  becomes  hardened  at  the  edge.  The 
hardening  is  greatly  accelerated  by  placing  it  in  a  warm  chamber,  but 
the  preparation  may  thus  be  made  too  transparent  if  not  carefully 
watched.  The  slide  is  held  in  a  basin  of  water,  and  with  a  few  touches 
of  a  large  camel's-hair  brush  all  the  superfluous  Farrants'  solution  can 
be  removed.  The  cover-glass  will  not  be  detached,  if  it  is  done  quickly, 
aa  the  medium  has  become  sufficiently  hard  at  the  edge  to  fix  it.  The 
slide  is  next  rapidly  passed  through  clean  distilled  water,  and  placed  in 
a  gently-sloping  position  to  dry.  When  dry,  the  cover-glass  is  encircled 
with  a  ring  of  white  zinc  cement 

Decalcifying  Fluid. 

47.  For  the  purpose  of  depriving  a  tissue  of  its  earthy  salts  the 
mixture  formerly  recommended  (Sect.  36)  should  be  employed.  Care 
most  be  taken  that  it  is  frequently  changed.  The  bone  or  other  calcic 
part,  after  being  subjected  to  its  action,  becomes  quite  pliable. 
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48.  It  is  not  intended  to  give  a  detailed  account  of  the  optical 
principles  of  the  inicroaco|)e.  Such  would  be  quite  apart  from  the 
8<H>(>e  of  this  work  ;  and  aa  the  subject  hiis  Iwim  treated  so  exhiuitiUvely 
elsewhere,  it  will  be  advisable  for  the  reader,  wishing  to  get  a  thorough 
instglit  itito  the  mittter,  to  consult  such  tn^atises  as  those  contained  in . 
Dr.  Carjienter's  work  on  the  microscope.  Professor  Rutherford's  Out' 
lines  of  I'rncHad  llistotn^i/,  Dns  Mikroskop  by  Dr.  L.  v.  Thanhoffer,  or 
i><ts  Mikrwkiip  by  Dr.  Leopold  Dipj)cl.  The  few  remarks  which  follow 
will  )>c  devoted  to  guiding  the  reader  in  procuring  a  serviceable 
instrument. 

The  coinjiound  microscope  of  the  present  day  consists  of  a  long 
brass  tulw  or  two  short  tubes,  the  one  telescoped  into  the  other,  with 
a  combination  of  plano-convex  lenses  known  as  the  oijectivt  at  the 
lower  end  and  the  ft/e-pitcr  at  the  upjwr.  Along  with  this  there  are  &J 
mirror  and  other  mechanical  arrangements  for  condensing  and  modify- 
ing the  light  brought  to  bear  upon  the  objective.  The  objectives  of  | 
most  makers  consist  of  three  compound  plano-convex  lenses  of  crown 
and  flint  glass,  while  the  eye-piece,  if  it  tie  that  of  Huyghens,  the  one 
in  common  use,  is  composed  of  two  plano-convex  lenses,  the  lower 
lieing  known  as  the  field  glass. 

49.  Illumination  of  the  Microscope. — The  pathologist  should 
work  as    littlr    iis    (xis.sible   witH   artificial    light       It   is   useless  for 
nmked-eye  objects,  and  it  is  bad  for  the  examination  of  those  which  ars  ] 
loicroecopic.     For  microscopic   purposes  a  clear  day  and  a  northern 
exposure  are  to  be  desired.     The  direct  rays  of  the  sun  should,  of 
course,  never  be  employed.     If  it  is  absolutely  necessary  to  work  by 
uiglit  a  very  good    li^ht  is  obtained  from  an  ordinary  gas  or  lamp 
light,  if  a  piece  of  obscure  glass  is  interposed  between  the  light  and  < 
the  microscope.     The  light  ought  to  be  taken  from  vkflat  surface,  not' 
from  a  convex  surface  such  as  that  of  an  ordinary  globe. 

A   Mimir  is  placed  below  the  stage^  and   is  for  the  pnrpoee  of 
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throwing  the  light  upwards  through  the  object  to  be  viewed.  It  may 
have  a  double  or  a  single  surface.  When  single  it  is  usually  slightly 
concave,  when  double  one  side  is  concave,  the  other  flat  The 
coDcare  surface  is  for  ordiniiry  illumination  with  transmitted  light, 
while  tliat  which  is  flat  is  to  be  employed  along  with  an  achromatic 
condenser. 

7*^*1  Diaphragm. — ^There  are  usually  three  kinds  of  diaphragm  met 
with  on  microscopes  by  various  makers.  The  commonest  is  simply  a 
plat«  of  biflckened  metal  witli  variously  sized  round  apertures  punched 
out  in  it,  which  tunis  on  a  pivot  beneath  the  stage.  Another  form, 
which  15  not  nearly  so  convenient  to  work  with,  consists  of  a  series  of 
br.iss  cylinders  with  different  sized  apertures  in  tliem,  which  are  made 
to  fit  into  a  tube  inserted  in  the  stage.  They  have  the  advant-ige  of 
admitting  the  light  as  close  to  the  object  as  possible.  The  third  is  the 
moat  ingenious  "  Iris  "  diaphragm,  invented  by  Brown  (No.  1 7,  vol,  xv. 
p.  74),  by  which  an  aperture  of  any  required  size  can  be  obtained  by 
amply  moving  a  lever. 

The  proi^er  use  of  the  diaphragm  is  apt  to  be  disregarded  by 
bog^ners,  and  this  is  sure  to  cause  the  object  to  be  indistinctly  defined. 
One  of  the  first  things  to  attend  to  in  focussing  an  object  is  the 
regulation  of  the  light  admitted.  Those  who  are  not  accustomed  to 
tue  the  microscope  generally  fail  to  illuminate  the  object  properly  from 
two  causes,  firstly,  because  the  light  is  not  properly  centred  upon  the 
objective ;  and,  secondly,  because  the  aperlnre  in  the  cUaphragm 
•elected  i*  not  of  the  right  size.  For  low  powers  a  large  aperture  may 
te  employed,  but  for  high  powers  and  with  a  dry  lens  one  of  medium 
aixa  is  to  be  chosen.  Trial  alone  will  demonstrate  what  objects  are 
best  seen  with  a  small  amount  of  light,  what  with  a  large. 

Dittd  and  Oolitpu:  Illumination. — For  pathological  object«  the  light 
is  asaaily  transmitted  from  the  min-or  in  the  optic  axis  of  the  micro- 
•cop«i  In  examining  certain  objects,  such  as  diatoms,  it  is  often 
advantageous,  in  order  to  show  the  line  markings  tipon  them,  to  trans- 
mit the  light  more  or  less  obliquely.  This  obliquity,  when  of  small 
FAngle,  may  be  obtained  by  simply  shifting  the  position  of  the  mirror, 
or  by  ctopping  out  the  central  rays  derived  from  an  achromatic  con- 
deoaer.  When  a  greater  degree  of  obliquity  is  required  special 
instniments,  such  as  Amici's  prism  or  a  parabolic  illuminator,  are 
and  for  the  purpose.  The  light  may  be  oblique,  and  yet  be  able  to 
penetrate  the  entire  system  of  lenses  in  the  objective,  or  it  may  be  so 
oblique  that  the  light  transmitted  through  the  microscope  is  only  that 
•econdarily  reftecttHi  from  the  object  itself. 

The  method  of  oblique  ilhimiualion,  however,  possesses  little  if  any 
praotical  value  in  ordinary  histological  work,  useful  as  it  may  be  in 
examining  diatoms  and  such  like  objects. 

j4  Suhstiujc  Coiidaisfr  is  necessary  when  working  with  high  powers, 
and  the  optical  combination  known  as  Abbe's  Condenser  is  usually 
employed  for  bacteriologicjil  work.     The  author  prefers  that  of  Zeiss'* 
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own  inanufacturc  to  the  imitations  of  it  hy  opticiiins  in  this  country. 
The  lii^h  angled  acbromalic  condensers  of  En^'lisli  nmke  (Powell  aod 
Lealuid,  Beck,  and  Swift)  arc,  hoivever,  equally  as  effective  both  for 
bacteriological  and  histological  purposes,  if  not  preferable  in  some 
reepects  for  the  latter,  and  the  student  whoso  microscope  is  fitted  with 
one  of  these  can  well  dispense  with  an  Abbe. 

^0.  Angle  of  Aperture. — Lenses  are  made  of  wide  or  of  nar 
row  angle  of  a)>erturc.  By  the  angle  of  aperture  of  a  simple  lens 
is  meant  tlie  angle  formed  }>etween  its  hurdors  and  a  luminous  point 
placetl  in  focus.  In  the  compound  system,  however,  of  a  microacopic 
objective,  many  of  the  |M?ripheral  rays  do  not  pass  through  the  entire 
system  of  lenses ;  and  hence  the  angle  of  aperture  in  such  is  under- 
stood to  ha  tht  angU  formed  between  a  luminous  point  placed  in  foau  and 
the  most  perifAtral  rays  which  are  capable  of  passing  through  the  mtin 
tgstem.  It  IB  thus  quite  different  from  the  angle  formed  by  the 
of  the  Icmtd  lens,  atid  a  luminous  |>oint  when  in  focus.  Hence  the 
of  the  actual  a|^rture  or  diameter  of  the  lowest  lens  is  no  indication 
of  the  size  of  the  angle  of  a|>crture,  so  much  so  that  ita  margin  may 
sometimea  bo  accidentally  chipped  without  impairing  tho  uaefulnew 
of  the  microscope.  The  less  the  focal  distance,  the  larger  the  angle 
ceteris  paribus  will  be. 

The  larger  the  angle  tho  greater  the  amount  of  light  passing 
through  the  lens,  and  with  very  high  powers  this,  of  course,  is  a  great 
desideratum.  Hut  it  will  l>e  found  that  lenses  of  wide  angle  (130* 
upwards),  lose  in  penetrating  power,  that  is  to  say,  the  strata  alone 
which  are  exactly  in  focus  will  be  sliarply  defined,  while  those  im- 
mediately above  and  below  will  be  only  dimly  perceptible. 

Seeing  that  a  wide  angle  objective  admits  rays  of  greater  obliqaiiy 
than  one  of  narn)w  angle,  the  former  will  have  more  "  resolv- 
ing power,"  as  it  is  called,  than  thi>  latter,  that  is  to  say  it  will 
define  niiuute  markings  ujiou  diatomucetu  uiid  such-like  test  objects 
letter  than  the  latter  will,  and  hence  may  seem  to  be  the  finer  le 
The  inferiority  of  tho  wide-angled  lens,  however,  for  histological  pu 
becomes  manifest  when  an  iictual  histological  object  is  examined, 
hence  in  choosing  a  lens  for  patlmlugical  work  tho  usual  test  obj 
supplied  by  the  makers  such  as  f'lruro.yujina  antptlalum  or  Padura  scales 
should  not  lie  alnui*  etnpli>ye«l.  The  same  kind  of  effi^ct  is  brought  out 
with  a  wide  angle  lens,  as  with  one  uf  low  angle  when  the  illumination 
is  oblique.  The  cause  of  tho  wide-aiigle  lens  having  such  good  resolv- 
ing power  but  feeble  power  of  penetration  depends  upon  the  fact,  that 
the  latter  decreases  invers^dy  with  the  square  of  the  former. 

For  lenses  giving  with  a  medium  power  eye-piece  an  amplification 
of  250-30(1  diameters  (f.ri.  i  or  J  inch),  and  intended  cspeci.illy  for 
histological  work,  n  certain  degree  of  penetration  is  indis{>cnsable,  and 
tlie  student,  therefore,  in  choosing  such  a  lens  as  his  "high  {wwer"  (or 
ordinary  work,  should  certainly  give  preference  to  one  of  medium 
angle  (80'-100'). 
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51.  Dry  and    Immersion    Lenses. — Objectives   are  of  two 

kinds,  either  rJri/,  in  which  air  alone  intervenes  between  the  lowest  lens 
and  the  cover-glass,  or  immersion,  as  they  arc  called,  in  which  a  drop 
of  some  liquid  liaving  a  greater  index  of  refraction  than  air,  fills  up 
the  interspace.     Of  the  liquids  employed,  water  and  certain  other  still 

.xuore  retractile  substances,  such  as  cedar-wood  oil,  a  mixture  of  fennel 

[and  ricinus  oils,  or  a  mixture  of  chloral  hydiute  or  iodide  of  zinc  and 
glycerine,  are  the  chief.     Those  in  which  essential  oils  or  solutions 
s&It«  are  used  are  known  also  as  homogeneous  immersion  lenses, 

Lliecause  these  substances  have  very  much  the  same  refractile  index  as 

Ithe  crown  glass  of  which  the  front  lens  of  the  objective  and  the  cover 
com])Osod,  the  combination  thus  constitiitin;^  a  homogeneous  whole. 
ro  objects  are  gained  by  substituting  oil  or  water  in  place  of  air 
atween  the  objective  and  the  cover -glass.      In  the  first  pl.ace,  on 

Nweoant  of  the  greater  refractile  index  of  the  substances  em[iloyed  as 
«on>pAi<ed  with  air,  more  rays  are  bent  inwards  and  enter  the  lens,  and 
bencc  more  light  is  gained  ;  and,  in  the  second,  the  angle  of  aperture 
of  the  lens  is  thereby  increased,  and,  consequently,  the  "resolving 
power  "  of  the  instrument  augmented. 

The  oil  or  water  is  placed  in  a  drop  on  the  centre  of  the  cover,  and 
the  lens  is  brought  down  until  it  touches  it.  The  object  is  then 
foetuaed  in  the  usual  wu}'.     OU    immersions  arc   now   used   for   all 

.delicate   definition  of   high-power   objects,    such   as    that    of  micro- 
knisms,  and  are  decidedly  preferable  to  water  immersions.     The 

"  lens  should  be  very  carefully  cleaned  with  a  piece  of  old  washed 
linen  rag  after  use,  and  care  should  be  taken  that  the  oil  Joes  not 
touch  the  cement  of  the  cover-glass  as  it  is  apt  to  dissolve  it.     Oil 

f  immersions  have  the  great  advantage  of  not  requiring  a  correction 
collar  for  cover  -  glasses  of  different  thickness,  unless  in  the  very 
finest  work ;  and,  as  a  rule,  those  of  the  best  makers  are  unprovided 
with  anything  of  the  kind,  and  are  perfectly  serviceable  for  all  patho- 
logical details.  The  correction  collar,  which  is  usually  a])pended  to 
high  power  dry  and  water  immersion  lenses,  acts  by  separating  or 
approaching  the  sj'stem  of  lenses  composing  the  objective  according  to 
the  greater  or  less  thickness  of  the  cover-glass,  and  there  is  often  con- 
siderable difficulty  in  hitting  the  exact  point  at  which  the  lens  shows 
best. 

52.  Abbe's  Apochromatic  Lenses.* — The  chief  efforts  of 
opticians  up  till  lately  have  been  expended  in  endeavouring  to  increase 
the  numrn(al  aperture  -  of  objectives.  It  is  questionable,  however, 
when  this  goes  bovond  1  "3  or  1  "4  whether  much  can  lie  gained.  Abbe 
long  ago  recognised  this  fact,  and  of  late  turned  his  attention  rather  to 

^  Tbe  antbor  it  indebted  for  maeh  of  the  information  eontained  nnder  this  title  to  the 
tBMbUon  by  Mr.  Mien  of  Profeuor  Abbe's  paper  and  lo  Mr.  Aldolf  Svhulze's  excellent 
fmr  on  tli«  eubject  (lee  Bibliognpby). 

*  Abbe  defines  tbe  nitmerical  aptrtureta  the  prodnct  of  the  sine  of  the  semi-aperture 
«f  a  micro-objective  and  the  ttfractive  index  of  the  mediom  in  which  its  front  lens  ii 
inuQWamJ. 
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the  improvement  of  tho  definition,  that  is  to  say,  of  th«  htUiet 
correction  of  spherical  and  chromatic  aberrations. 

With  the  crown  ami  flint  gla*}  in  common  use  for  the  roanurnrtui 
of  microscopic  objectives,  much  iidvnnce  in  this  direction  was  honllj 
poaaihle  ;  and,  accordingly,  he  institutinl  an  inquiry  at  the  handt 
Dr.  O.  Schott  of  Witten  in  Westphalia,  as  to  whether  other  kinds 
glass  could  not  be  composed  poeaessing  the  necessary  propertiea.  Out 
of  more  than  a  thousand  difTerent  glasses  compounded  and  examined 
by  the  spectroscope  refnictometer,  he  was  able  to  select  a  few  which 
had  the  necessary  profierties.  The  new  glasses  contain,  some  of  them,, 
u  many  as  fourteen  elements,  but  the  chief  constituents  appear  to  \m\ 
■ilicatea,  borates,  and  phosphates. 

Tb«  object*  aimed  at  were  to  obuiu  crown  »ti<]  flint  gliuses  in  whii-h  the  ili>]i<:niomj 
for  the  different  regions  of  the  spertruin   sbouM  approximately  {>oae*s  Uw  Mmaj 
ratio,  and  thus  g<i>t  rid  of  the  aocallcd  "secondary  spectniui";  and  to  increaiwj 
the  number  of  optical  media  in  ouch  a  way  thnt,  with  the  tame  rvfraftive  ind»x,  tk 
dupenion,  or,  with  tho  aanio  dis[>«nuon,  a  rorractiva  ind«x,  might  b«  obtainml,  not, 
•a  hithoro,  merely  in  combination  with  flint  ghui  of  high  diaperdve  power*,  bat 
also  with  lower  dispersion,  as  in  crown  glass.' 

Advantages  gained. — (1)  One  of  the  main  results  achieved  by 
new  leases  has  been  to  render  it  possible  to  bring  three  colours  to 
focus,  whereas  in  the  older  lenses  it  was  not  possible  to  correct  the 
spherical  aberration  for  more  than  one.  They  have  been  called 
apochromatic  lenses  on  account  of  their  superior  powers  of  correcting 
spherical  and  chromatic  aberrations. 

(2)  The  full  value  of  the  large  apertures  becomes  apparent  ov 
to  their  superior  corrections. 

(3)  They  will  stand  a  much  higher  eye-piece  (one  giving  an  amplifi- 
cation of  12  to  15  dium-s.) 

(4)  They  are  excellently  adapted  for  micro-photography  from  the 
correction  being  so  perfect  that  the  visual  and  actinic  foci  coincide. 

(5)  Tho  increased  spherical  and  achromatic  corrections  give  a  much 
larger  concentration  of  tight 

(6)  The  objects  viewe«J  by  thorn  appear  in  their  natural  colours. 
Compensating  Oculars.  Zeiss  has  constructed  suitable  oculars  under 

the  above  name.  They  are  designed  to  overcome  the  residue  of 
peripheral  aberration  caused  by  the  front  lens  of  the  objective  not 
being  itself  achromatisod.  They  are  cla&sified  1,  2,  4,  8,  12,  18,  and 
27,  according  to  their  magnifpng  powers.  They  can  also  Ije  empIovMl 
with  other  objectives.  They  consist  (1)  of  search  oculars  or 
finders :  (2)  the  ordinary  working  oculars;  and  (3)  oculars  for 
projection. 

'  la  Iha  eonstmRUon  uf  lens**  baring  thea*  propertiet  tbejr  wars  gnatl/  aided  bjr  the 
Maaan.  Zeis*.    The  German  Ooremment  paid  then  the  handsome  subsidy  of  £3000  I 
th«  rl(hl  to  Um  disrovory.     A  large  manufactory  ha*  lately  (>*en  caUblUhed  in  Jana  I 
lb*  prodoctios  of  optical  glasaes,  known  as  the  Olaitechnlache  Labomtorlani,  9rbolt ' 
aadOiaoma. 
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53.  On  Choosing^  a  Microscope. — In  procuring  an  efficient 
instniinent,  a  great  deal  depends,  of  course,  on  tJie  object  for  which 
it  is  to  be  used,  and  tlie  money  which  the  purcliaser  is  willing  to 
exjiend  upon  it  If  a  microscope  is  required  merely  for  ordinary 
histological  purposes,  it  can  be  procured,  of  excellent  quality,  from 
£C  to  £8  ;  but  if  a  seriea  of  higher  lenses  is  desired,  and  a  stand  with 
an  achromatic  condenser  fitted  to  it,  tlien  the  purchaser  should  make 
ap  hia  mind  for  an  outlay  of  from  £20  to  £30  at  the  least. 

The  instrument  which  is  most  convenient  for  ordinary  working 
should  have  a  small  plain  stand,  with  as  few  fittings  about  it  as 
possible,  and  be  provided  mth  an  ocular  and  objectives  in  which  the 
low  power  objective  magnifies  40  to  50  dianis.  with  the  tube  in  ; 
while  the  high  power  siionld  magnify  300  diarns.  with  the  talw  in, 
and  350  to  400  diams.  with  it  drawn  out.  It  is  a  niist:ik<»,  and  one 
which  beginners  very  often  make,  to  suppose  that  very  high  niagni- 
lijing  powers  are  necessary  for  ordinary  pathological  work.  There 
been  more  |>athological  investigation  done  with  thi?  above  enlarge- 
'ments  than  with  any  others,  and  the  a\ithor  would  specirilly  caution 
beginners  from  adopting  the  use  of  very  high  lenses  at  first.  It  is, 
in  reality,  more  for  bacteriological  work  tliat  a  magnifying  power 
o»er  350  diams.  is  required,  than  for  ordinary  patliohigical  histology. 

Excellent  cheap  working  microscc*pes  of  this  range  have  long  been 

jnade  by  Continental  optician.^,  among  whom   Haitiiack,   Zeiss,   and 

sits  can  specially  be  recommended  ;  and  in  this  country  there  has 

a  strong  effort  made  of  lato  to  turn  out  a  similarly  cheap  and 

instniment.     It  is  to  Iw  regretted,  however,  that  our  English 

jicroscopes  of  this  class  are  as  a  rule  inferior  in  several  points  as  com- 

Fpared  with  those  of  Continental  makers.     They  usually  do  not  possess 

the  requisite  magnifying  powers — being  either  too  high   or  too  low. 

The  fine  adjustment  is  very  frequently  deficient  in  steadiness  or  in  length 

of  available  thread  of  the  screw,  and,  moreover,  it  sometimes  happens 

that  while  the  middle  part  of  the  thread  is  steady  enough  the  ends 

are  totiUy  untrustwortby.      Then,  again,  there  is  much  less  equality 

in  the  lenses  supplied  by  several  English  firms  than  there  is  with  those, 

,tor  instance,  of  Hartnack  of  Potsdam,  or  Zeiss.     Messrs.  Beck  have  of 

»te  turned  out  an  in.strament,  "The  Star,"  which  is  a  great  improve- 

'ment  upon  anything  of  the  kind  they   had  before,  and,  certainly, 

for  the  money  (£2:  2  to  £6:  1.5)  it  is  perhaps  as  cheap  a  microscope 

as  is  to  be   had.      It  is  a  pity,  however,  that  they  do  not  expend  a 

little  more  care  upon  the  lenses,  especially  the  low  power,  and  make 

the  microscope  correspondingly  deai-er,   as  one  would   rather  give  a 

httlc  more  in  order  to  be  sure  of  a  first-class  article.     Messrs.  Swift 

and  Crouch  both  supply  a  cheap  microscope  suited  for  histological 

rork,  and  some  of  their  lenses  are  excellent  in  quality.     Never  buy  a 

leap  English  microscope,  however,  it  matters  not  by  what  firm  it  is 

made,  without  having  it  thoroughly  overhauled  by  some  one  competent 

to  judge^  and  without  comparing  it  with  a  similar  microscope,  say  of 
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Hartnack  or  Zeiss.    Cheapness  is  only  one  recommendation ;  uniformity 
iu  the  quality  of  the  instrument  is  much  more  important. 

The  author  usually  works  with  Hartnack'a  microscopea,  and  haa 
invariably  used  tbem  in  his  class.  He  can  hardly  recall  a  aingl* 
instance  in  which  the  fine  adjustment  has  got  out  of  onler,  and  has 
found  the  lenses,  with  few  exceptions,  of  uniform  and  excellent 
quality.  The  microscojie,  No.  FIIa  in  the  catalogue,  provided  with 
Nos.  3  and  7  objective  and  Nos.  3  and  4  ocular,  can  be  had  fur 
X7: 10.  Without  the  mahogany  box,  and  with  only  the  No.  3  ocular, 
it  can  he  had  for  about  £5 :  5.  In  reality,  the  latter  fumiahings  an 
what  are  required  in  a  class  of  pathological  histology. 

If  a  more  expensive  instrument  is  to  be  purchased  care    should 

be  taken,  in  the  first  place,  Uiat  it  is 
provided   with   the    before -mentioned 
powers  for  ordinary  hist<>logical  work. 
It    should,  in    addition,    have   an  oil 
immersion    magnifying    from   GdO    to 
9uO  diams.,  and   an   achromatic  con- 
denser to  use  with  this.     As  regard!  | 
a    stand,   our   home    workmanship    ia 
undoubte<lly    quite    as    good    if    not 
su[jerior  to  that  of  Continental  makera. , 
The  "  Pathological  Stand  "  of  Mesar*,' 
Beck,  and  also  those  recently  brought 
out    and    adapted  for   bucteriulogical 
work  by  Messrs.  Swift  and  Baker,  on  1 
the  pattern  designed  by  Mr.  Nelson,] 
can  be  specially  recommended-    TbesQl 
may   be   fitted    up  with    the    makrtVl 
own    lenses   or   with    those   of    some 
other    firm.     The    high    lenaes    made 
by  Beck,   and    Powell    and    Lealand,, 
in    this   country,   are    not   sur 
anywhere,  and  if  one  is  willing  to  give  the  money  for  them,   there ' 
is    A    certainty   of    |K>3ses8ing  an  article    which    cnnnot   well    l>c   im- 
proved u|)on.      Zeiss  of  Jena  makes   very  beautiful  oil   iuimerMoai 
lenses,  but  they  are  quite  as  expensive  as  those  of  the  l^st   Kngli4i 
ntakenL      Leitz  turns  out  oil  immersions  which  are  very  much   in 
favour  in  Germany  at  the  present  time.     They  are  extensively  em-, 
ployed  for  bacteriological  work,  and  are  remarkable  for  their  rleameasj 
of  definition  and  their  cheaimeas.     They  are  perhaps  the  cheapest  oiLl 
immersions  ot  the  same  quality  to  lie  had  anywhere,      llartnaok  ha«  %* 
licautiful    ^*j    oil    immersion    that   can   be   tliorougldy   trusted.       The 
author  has  lately  seen  the  f\  oil  immersion  of  Messrs.  Swift  and  Son, 
costing  £5  :  58.,  and  can  highly  reconmiend  it  for  bacteriologicid  work. 
A  student  provided  with  a  Swift's  improved  Nelson's  stand  and   nose 
piece,  furnished  with  cither  an  Abbo  or  a  wideanglod  achromatic  con- 
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denser,  and  his  medium  eye-{)iece  A  or  B,  together  with  a  No.  4  new 
Miies  Hartnack  dry  objective,  would  be  admirably  equipped  for 
bacteriological  work.  The  cost  of  each  a  combination  would  be  not 
more  than  £16  to  £18. 

Any  of  these  makers,  in  fact,  will  furnish  an  oil  immersion  admir- 
ably suited  for  bacteriological  work.  There  is  less  danger  in  choosing 
one  of  these  than  there  is  in  selecting  lenses  which  are  cheaper. 

54.  Testing  a  Microscope. — First  examine  the  stand  :i8  regards 
stability.  If  it  shakes  at  all,  or  if  there  is  any  danger  of  its  being 
apset,  it  should  be  rejected.  Remove  the  eye-piece,  look  through  the 
tube  with  the  low  power  objective  on,  and  see  whether  the  openings 
in  the  diaphragm  are  all  central.  Readjust  the  eye-piece  and  put  on 
the  objective  magnifying  300  diams.  Place  a  preparation  in  focus, 
and  notice  if  there  is  any  lateral  motion  when  th«  fine  adjustment  is 
brought  into  use.  Do  not  try  simpty  the  middle  part  of  the  thread 
of  the  screw,  but  move  it  up  and  down  to  its  extreme  limita  If  there 
is  lateral  motion  of  the  field  at  any  point  of  the  fine  adjustment,  the 
stand  is  unhesitatingly  to  be  rejected.  If  a  rack  is  the  means  of 
eoAiM  adjustment,  see  that  it  glides  quite  easily  without  the  slightest 
hitch. 

The  field  should  be  large  with  all  the  lenses.  In  pathological 
microscopes  this  is  of  the  utmost  importance,  and  it  is  here  tliat  most 
cheap  lenses  fail.  The  field  is  stopped  down  Avith  a  small  eye-piece 
diaphragm  so  as  to  cutoff  the  aberrant  peripheral  rays  which  are  so  dif- 
ficult to  correct,  and,  hence,  if  a  microscope  has  a  very  small  field  it  is  a 
pretty  sure  sign  that  the  correction  for  spherical  or  chromatic  aberrations 
is  faulty.  If  when  a  perfectly  flat  object  is  looketi  at,  the  perijideral 
port  of  the  field  is  not  in  focus  at  the  same  time  8i>  the  central,  it  has 
not  been  properly  corrected  for  splieriecU  aberration  and  should  be 
rejected.  If  a  number  of  coloured  circles  are  seen  at  the  edge  of  the 
field,  and  if  objects  examined  appear  coloured,  it  has  not  been  properly 
corrected  for  chromatic  aberration,  and  ought  similarly  to  be  rejected. 
Want  of  flatness  in  tiie  field,  and  failure  to  correct  the  unequal  re- 
frangibility  of  the  rays  entering  into  the  composition  of  whito  light, 
are  two  of  the  commonest  faults  in  a  cheap  microscope.  The  field 
ought  to  be  perfectly  flat,  even  where  it  is  large,  if  the  eye-piece  and 
objective  are  properly  adjusted. 

These  matters  having  been  settled,  the  next  point  to  examine  is 
the  definition.  At  present,  the  author  is  recommending  a  microscope 
which  will  be  suitable  for  histological  purposes,  and  the  best  test-objects 
to  examine  are  neither  the  scales  on  the  wings  of  le[>idoptera.  nor  the 
markings  on  diatoms,  but  an  actual  preparation  such  as  is  going  to  be 
the  main  object  of  observation  afterwards.  The  most  trying  test 
for  a  histological  microscope  is  a  thin  section  of  a  delicate  tissue,  such 
as  a  very  fine  meshed  scirrhous  tumour  of  the  mamma,  mounted  in 
Farrants'  medium.  If  the  microscope  is  possessed  of  the  qualities 
requisite  for  the  pathologist,  such  a  preparation  will  bring  them  out 
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at  once.     Place  it  side  by  side  with  a  microscope  of  known  excell«no* 
and  compare  the  two.     It  will  be  found  that  with  such  a  test-«bj«ct» , 
those  objectives  of  medium  or  low  angle  of  aperture  give  a  far  tnors  I 
brilliant  definition  than  those  of  wide  angle.     Their  power  of  peiteum-  i 
tjon  ia  superior. 

With  an  oil  immersion  lens,  perhaps  the  best  tests  are  also  the 
objects  which  are  to  be  chiefly  examine<l  with  it,  namely,  stained  bacteria  < 
mount*>d  in  Canada  balsam.     The  )<pore8  in  the  tubercle  and  anthrax 
bacilli  are  excellent  tests  for  very  high  (^V)  •""  medium  immeratons 
(■jij).     In  both  castas  they  should  be  clearly  defined. 

55.  Drawing  of  Microscopic  Objects. — Several  simple  devkcsl 
may  be  adopted  for  this  pur{M>sc.     Thus,  if  the  microMope  be  pbeedl 
boiuontally,  and  a  small  pie«o  of  thin  giaas  be  hxed  at  an  angle  off 
about  45"  to  the  surface  of  the  upper  lens  of  the  eye-piece,  an  ima^  , 
of  the  body  will  he  seen  on  a  sheet  of  paper  lying  at  a  distance  of  ten 
inches  below,  when  the  eye  is  placed  directly  above  the  piece  of  ghiss. 
The  rays  are  reflecte<J  ufjwardfl  to  the  eye  from  the  glass,  and  give  the 
impression  as  if  the  image  lay  upon  the  paper.     A  piece  of  |M)liihed 
steel  or  a  prism  has  a  like  efTect,  and  Beale  recommends  a  piece  of 
neutral  tinted  glass  as  being  easier  to  draw  from  than  one  which  is 
uncoloured. 

Many  simple  instruments  are  to  be  had  made  on  this  principle. 
They  will,  however,  be  found  to  be  rather  awkward  to  work  with, 
owing  to  there  Iwing  some  difficulty  in  keeping  the  imago  of  the 
object  and  the  point  of  the  pencil  simultaneously  in  view. 

A  more  ready  mciitis  of  drawing  an  accurate  outline  of  any  objeei  < 
is  what  is  known  as  Obrr/uiusn's  or  Chevaiiei'i  eamtra  Iveida.     This  \ 
instrument  is  convenient  from  the  fact  of  its  being  used  with  tb« 
microscope  in  the  upright  position.    The  ordinary  eye-piece  is  removed, , 
and  the  camera  substitute*!  for  it.     In  the  upright  piece  which  paaae*^ 
into  the  tubu  of  the  microscope,  a  prism  is  so  arrutige<l  that  the  light  ^ 
(lOAsing  up  throuf^h  this  microscope  is  deflected  by  it  at  right  angles  < 
into  the  horizontal  |)urt  uf  the  instruraentv     In  this  horizontal  piec« , 
are  placed  the  two  lenaes  of  an  eye-piece,  and  at  the  extreme  end  of 
the  eye-piece,  again,  is  a  small  prism  sot  in  a  black  ring,  which  reflects 
the  image  up  to  the  eye  of  the  observer  placed  above.     The  whole 
instrument  is,  essentially,  merely  an  eye-piece  placed  at  right  anglea 
(o,  insloml  of  in  the  axis  of.  the  microscope,  with  an  enclosed  prism  to, 
turn  the  rays  into  it     The  object  of  this  is  to  do  away  with  the  incon- 1 
vonience  of   having  to  keep  the  microscope  inclined.     The  essential! 
part  of  the  instniraent  is,  of  course,  the  small  prism  at  the  end. 

This  camera  is  just  as  difficult  to  work  with  as  the  simple  piece  of 
glass,  unless  arrangements   are   made   to   darken   the   surroundings. 
It  then  becomes  so  easy  to  employ,  that  a  person  quite  unaccaistomrdj 
to  draw  can  readily  make   a   correct  outline  of   any  desired   ubjectr] 
It  should  Ih3  placed  in  a  dark  chamber,  in  the  shutter  of  the  window 
of  which  two  small  apertures  are  bored,  so  that  the  light  from  Uie  one 
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bXis  on  the  mirror  of  the  microscope ;  that  of  the  other  upon  the 
point  of  the  pencil.  The  paper  is  placed  at  a  distance  of  ten  inches 
from  the  end  prism  as  before.  The  difficulty  of  simultaneously  seeing 
the  object  and  the  point  of  the  pencil  will  thus  bo  found  to  have 
entirely  \-amshed. 

jibhe's  Camera  Lucida. — This  instruiuerit  made  by  Zeiss  must  be 
specially  mentioned.  The  advantages  it  possesses  are  that  the  image 
is  neiiher  distorted  nor  magnified  by  the  camera,  and,  at  the  same 
time,  the  image  and  the  pencil  are  seen  coincidently  without  any 
Araining  of  the  eyes. 

.^6.  How  to  determine  the  Magnifying  Power  of  a  Micro- 
scope.—  Procure  a  stage-micrometer  with  a  scale  engraved  upon  it  in 
fractions  of  an  inch  or  millimetre.  In  English  stage-micrometers  the 
sulxlivisions  are  usually  in  thou.sandths  of  an  inch  ;  in  French  and 
German  micrometers,  on  the  other  hand,  the  subdivisions  are  almost 
alw-aya  in  hundredths  of  a  millimetre.  Either  scale  will  answer  the 
purpose,  provided  that  the  engraving  has  been  done  with  accuracy. 
Opposite  every  fifth  interspace  in  the  millimetre  micrometer  the  line 
aagTATed  on  the  scale  is  longer  than  in  those  intermediate,  white  oppo- 
site every  tenth  interspace  the  line  is  longer  still.  By  this  means  five 
or  ten  int<?rapace8  can  very  readily  be  counted  off. 

Suppose  that  it  is  an  ordinary  Hartnack  microscope  which  is  being 
tested.  Set  it  in  the  upright  position,  fii-st  with  the  upper  tube  in,  and 
with,  say,  the  No.  7  objective  and  the  No.  3  ocular.  Bring  the  scale 
engraved  on  the  millimetre  stage-micrometer  into  view.  Place  a  sheet 
of  white  paper  at  a  distance  of  ten  inches  from  the  eye  of  the  observer, 
tliat  is  to  say  at  the  normal  distance  for  clear  vision.  The  small 
Hartnack  stand  is  exactly  this  height,  so  it  will  suffice  to  lay  the  {japer 
on  the  table. 

Look  through  the  microscope  with  both  eyes  open,  and  half  of  the 

Je  will  be  seen  on  the  white  paper,  half  will  appear  to  be  within  the 
^tnicroscope.  With  a  pair  of  compa-sses  held  against  the  paper,  or 
■imply  by  marking  with  a  pencil,  measure  off  ten  interspaces.  These 
ten  interspaces  are  equivalent  to  a  distance  of  •!  mitlimfetre,  and  it 
remains  to  be  seen  how  much  this  distance  has  been  magnified  Com- 
jare  the  interval  between  the  blades  of  the  compasses  with  an  ordinary 
millimetre  hand  measure.  With  the  magnifying  power  we  have  pre- 
8api)ose<i,  it  will  probably  be  found  that  it  equals  thirty  millimetres. 
Thia  number  must  now  be  divided  by  the  actual  distance  magnified, 
namely,  "1  millimetre,  and  the  quotient,  300,  will  be  the  linear  magni- 
fying power  of  this  combination.  In  fact,  if  ten  interspaces  are  tjiken, 
it  will  be  evident  that  all  that  is  necessiiry  in  order  to  get  the  magni- 
fying power  of  the  microscope  is  to  add  a  cipher  to  the  number  of 
millimetres  to  which  the  distance  between  the  points  of  the  com[)a88eB 
corresponds  on  the  scale. 

The  magnifying  powers  of  the  microscope,  with  the  upper  tube  half 
out  and  with  it  completely  withdrawn,  should  be  similarly  tested,  and  a 
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record  kept  of  each  result  Care  ahouid  be  tAkon  to  alter  the  position 
of  the  paper  so  as  to  ensure  that  the  normal  range  of  distinct  vision 
(10  inches)  is  maintained  between  the  eye  of  the  observer  and  the 
points  of  the  compasses. 

57.  Measurement  of  Microscopic  Objects. — Several  mouu 

may  bo  ado[>t«<i  fi)r  this  j)urposc.  The  most  direct  is  to  employ  Um 
stiigo-micrometer  as  a  slide  for  mounting  the  object  upon.  If  blood 
for  instance,  is  under  examination,  a  preparation  is  made  of  it  on  the 
stage-micrometer,  and  the  size  of  the  corpuscles  is  directly  comparvd 
with  the  divisions  on  the  scale.  This  method,  however,  is  now  seldom 
used,  as,  in  the  first  place,  it  is  inconvenient ;  and,  in  the  second,  the 
markings  of  the  scale  become  obliterated  from  the  constant  friction  in 
cleaning  the  slide,  as  well  as  from  being  filled  with  the  medium 
employed  in  mounting. 

By  far  the  readiest  method  is  to  measure  the  object  by  means  of 
an  eye-piece  micrometer.  An  eye-piece  micrometer  is  an  ordinary 
eye-piece  into  which  a  round  piece  of  glass  is  inserted  immediately 
above  the  diaphragm,  and  on  which  a  series  of  equidistant  lines  is 
erigrave<l.  These  lines  are  marked  off  by  the  greater  length  of  certain 
of  them,  into  groups  of  five  and  ten,  so  as  to  be  more  easily  count«d. 
The  distance  between  the  lines  must  bo  equal,  but  no  one  standard 
of  Hize  need  be  universally  adopted  What  is  required  is  that  the 
spaces  between  the  lines  be  not  too  wide,  and  tliat  they  be  perfectly 
equidistant. 

In  employing  this  scale  in  estimating  the  size  of  a  body,  it 
is  necessary,  firstly,  to  find  what  the  value  of  each  space  is  with  the 
jnrticulai'  lens  which  is  being  used.  For  this  piu-pose  a  siag^mienh 
mrirr  in  which  the  breadth  of  the  spaces  between  the  lines  is  known, 
must  be  compared  with  it  In  order  to  do  so,  the  stage-micromeler  is 
brought  into  focua,  and  the  lines  engraved  u|)on  the  eye-piece  micro- 
meter are  plac«d  parallel  with  those  upon  it  liCt  us  employ  a  atage- 
micromctor  in  which  a  millimetre  is  subdivided  into  hundredths,  and 
let  lis  suppose  that  the  Hartnack's  No.  7  objective  with  the  eye  piece 
micromotor  of  the  same  maker  are  used  for  conducting  the  olxMsrva- 
tion.  It  will  usually  be  found  that  with  this  combination  one  of  the 
spacses  in  the  Btx;;e-micrometor  is  equivalent  to  three  of  those  in  the 
eye-piece.  As  the  spaces  uf  the  fbta^o-micrometor  are  of  the  value  of 
tiie  hiindroilth  |>art  uf  a  millimetre,  each  of  those  in  the  eye-piece 
must  correspond  to  a  third  part  of  this. 

Tlji;  micrometer  spaces  =  '01  millimetre.  | 

The  eye-piece  spaeea     = -01 -r  3  millimetre,  j 

01  mm.  -J-  3  E  0033  millim^tra  ' 

The  thousandth  part  of  a  millimetre  is  known  among  histologista  aa 

I  a  mteromiUimitrt^  and  is  expressed  by  the  Greek  Icltor  f^     The  value, 

therefore,  of  each  space  in  the  eye-piece  micrometer  it  equivalent 

to  iifL, 
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Let  the  body  to  be  examined  be  a  salivary  corpuscle.  How  do  we 
proceed  i  A  preparation  of  it  is  substituted  for  the  stase-micrometer, 
and  a  single  corpuscle  is  brought  under  the  lines  of  that  within  the 
eye-piece.  Suppose  that  the  diameter  of  tliis  corpiiscle  covers  three  of 
the  spaces,  then  as  each  space  is  equivalent  to  3  3/x,  the  diameter  of 
the  corpuscle  will  be  9"9/i.  Mca.>siu'e  another,  and  prolably  it  will  be 
found  to  occupy  five  spaces.  Its  diameter  will  then  correspond  to 
3  3/1  X  5,  or  16-5/*. 

If  the  value  be  desired  in  a  fraction  of  an  inch,  this  can  be  got  by 
directly  converting  the  result  obtained  by  the  above  method,  or  by  the 
use  of  a  stage-micrometer  in  which  the  inch  is  taken  as  the  stimdiird. 
The  manner  of  going  about  the  measurement  is  alike,  namely,  to  find 
by  the  use  of  the  stage-micrometer  what  the  vahie  of  the  spaces  in 
the  eye-piece  is,  and  then  seeing  to  how  many  of  these  the  body  cor- 
responds. 

Accessories  to  the  Microscope. 

68.  The  following  are  absolutely  necessary,  although  many  others 
may  be  procured  in  course  of  time.     It  will  be  fouml.  however,  in 
irking,  that  many  of  the  accessories  often  recommended  are  com- 
itively  uselea& 

( 1 )  Two  pairs  of  strong  straight  needles  set  in  wooden  or  ivory 
handles. 

(2)  A  pair  of  flat  slightly  curved  scissors  and  a  small  pair  of  straight 
LOnes. 

(3)  A  small  scalpel,  or,  what  is  better,  if  at  hand,  a  complete  dis- 
secting case. 

(4)  Three  or  foiir  dozen  slides  with  ground  edges,  3x1  inch. 

(5)  Three  or  four  dozen  slides  with  ground  edges,  3  x  1 J  inch. 

(6)  Thin  round  cover-glasses  to  suit. 

(7)  A  reagent  stand  capable  of  liolding  from  si-x  to  twelve  bottles. 
The  bottles  should  have  rods  attached  to  the  stoppers.  The  stoppers 
may  be  made  cither  of  glass  or  cork. 

(8)  A  white  porcelain  slab  about  9x9  inches,  and  a  piece  of  ground 
r plate-glass,  blackened  l)ehind,  of  the  same  size. 

(9)  Two  small  white  basins  filled  with  water. 

(10)  A  few  small  goat's-hair  brushes. 

(11)  A  turning  table. 

(12)  A  cabinet  capable  of  holding  several  hundred  slides.  If  the 
prepNirations  are  to  be  carried  about,  it  is  better  to  bo  pro\'ided  with 
several  small  cabinets  instead  of  a  single  large  one. 

(13)  Labels  for  slides. 

(14)  Test  glasses  and  test  tubes. 

(16)  Half  a  dozen  small  porcelain  ovnporating  dishes.  These  are 
preferable  to  watch-glasses,  which  are  very  liable  to  bo  upset. 

(16)  Several  small  pipettes  and  some  glass  tubing  for  drawing  out 
into  pipettes,  injecting  nozzles,  etc. 
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(17)  A  nest  of  glass  beakers,  and  a  dozen  small  beakers  of  about 
half  an  ounce  capacity. 

(18)  A  bell-jar. 

( 1 9)  A  few  small  glass  rods. 

(20)  Filter  pajtor.  | 

(21)  Towels  and  soft  old  washed  linen  rags  for  cleaning  eew^, 
glasses  and  lenses. 

(22)  A  number  of  wide-mouthed  stopper  Irattles. 

(23)  A  razor,  or  what  is  better,  a  flat  brain-knife  similar  to  that 
used  in  making  post-mortem  exaniiniitions.  These  are  useful  for  cutting 
a  rough  and  ready  small  section  of  a  tissue  in  order  to  examine  its  con- 
dition during  the  process  of  hardening,  etc.  They  are  not  to  be 
recommended  for  making  penuanent  sections. 

(24)  A  spirit  lamp  or  small  Bunsen  burner. 

(25)  A  twenty-ounce  bottle  of  methylated  spirit  and  a  ten-ounce 
bottle  of  absolute  alcohol. 

(26)  Strieker's  warm  stage  for  examining  small  living  objects  at  a 
given  temperature.  The  instrument  is  so  arranged  that  by  heating  a 
copper  wire  in  front  with  a  spirit  lamp,  the  temporature  of  the  sta^ 
which  is  indicated  by  a  thermometer,  can  )ie  kept  pretty  constant 
A  tube  is  provided  at  each  side  for  the  introduction  of  gasea,  if 
required,  into  the  w^Il  of  the  stage.  To  use  it,  anoint  the  edge  of 
n  thin  cover-glass  with  vaseline  and  place  the  drop  of  liquid,  blood, 
eU\,  in  its  centre.  A  second  cover-glass  is  slipped  over  this  and 
gently  squeezed  so  as  to  spread  the  vaseline.  The  cell  thus  formed 
is  now  fixed  un  the  stage  and  examined.  If  the  bodies  under  examina- 
tion ate  intended  to  be  acted  on  by  gases  the  lower  cover-glan  ia 
omitted. 


Litfmlvr*  an  th*  Mierotcopt.—Mllbt :  (Methot]  of  Teatioc  OliJ«eUre*)  J.  Roy.  Mler. 
Soc.,  iii.  1883,  p.  120  ;  (KeUtion  of  Ap«rtar«  ind  Power),  fbid.,  ii  1883,  p.  790  ;  Ibid., 
iv.  1884,  p.  20;  Ihi4.,  iv.  1884,  p.  348;  aL$o,  UmproTMnrDUi  with  N«w  Kindi  of 
Optical  Uluf)  Traosl.  by  Mien  Id  J.  R«y.  Hicr.  Soc.,  1887,  p.  '20.  Altmann  :  Arch, 
f,  Aut.  u.  Eotwickln«ig«ob.,  1886,  p.  64.  Beale :  How  to  Work  with  th* 
MlCTOMOM.  Behrens :  Hilhliuch  lur  Autfuhrung  mikroK-opitchu-  Unlennchungui, 
lft&8.  Bicsotero  and  FirtMt:  Muinel  de  Micnwcopie  Clinique,  et<^  Caipenter: 
Th*  Mtero«!0|>*  sAd  Itt  R«v«laUani.  Chevalier:  L'itwUaat  Mienignph*,  etc  ,  I89S. 
Criap  (Uniu  of  Rcwdution):  .1.  Boy.  Micr.  Soc,  r.  188^  p.  M8.  Dippd  :  Du 
Mikroarop,  1883  ;  Onindzilge  d.  aUgem.  ^kroskopic,  1886  ;  alto,  (Apochromatlo  1  mnea) 
Zeitwhr.  f.  wlMcnich.  Hikroakopie  ti.  f.  mik.  Tcchnik.  Ui.  1886,  p.  SOS.  Foster  ana 
Lan^ley :  Coune  or  Elcmtnt&ry  HUtolofy.  Francotte :  Manual  d*  Taehrnqna  Mier»- 
acopii)ue,ctc.  I88ts.  Frey  :  Tli«  Microaeopa  and  MIcroaoopieal  Technology.  &(.  tnuiaL 
by  ('uttrr.  FriedUlnder :  MicroacopiK^  Tachnik,  etc.  1880  ;  alto,  Eag.  traoaL  by 
Uowfll.  1886:  The   tW  of  Iba   Microacopa  in  Cliakal  and  PaUiologira]   KxarolBatfam. 

[  Tmwl,  by  Cos,  IS»>:>.    Garbioi ;  Manaale  par  Is  T«eai«s  Modema  dvl  Micreaeopio,  ate. 

[ISW.  Hockin  iKjilimation  of  Aperture):  J.  Boy.  Micr.  Soc,  It.  1884,  p.  537. 
Latteux  :  M>iiui<l  ■!«  'IVhmque  Mlrroacoplnac,  1887.  Majrail  (The  Micraaeope) :  J. 
StK.  Art4  LoDd.,  xxxir.  1884,  p.  S07.  Raoricr:  Tralt^  Technique  d'Hl<tola(icL 
Rutherford :  A  Ucnarml  Aeeount  of  Hiatolo^Ml  Mathodi.  1881.  Schuize  (Abba's 
Aixv'lirnniu''  :  J.   Anat  and  >*hyiloL,  xiL  ISSA-i.  p.  51S.      Stilling;  Teil- 

Booknfl'r.  :<>g>,  1A81.    Strieker  (Elettric  Light  aa  an  Aid  in  Microaoopy) : 

,  Jahrl..     ,  .zi,  p.  4«3. 
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59.  Pathological  Photogjaphy.  —  The  present  work  is  quite 
unsuiUfd  for  etilering  into  the  details  of  a  siiliject  so  vast  as  that  of 
photograj)hy.  The  authur  has  consequently  iimiteil  liis  remarks  to 
quoting  some,  of  the  more  recent  works  treating  of  microscoinc  photo- 
graphy and  photo-niicr<>graphy.  Evei'y  pathological  laboratory  should 
be  fitted  with  a  dark  room  and  other  arran;<emeiita  for  pliotogrnphing. 
faked-eye  objects,  as  pointed  out  by  Gourley,  pliotograpli  much  better 
when  pinned  on  a  black  board  ami  sulimerged  in  water. 

Printing  in  colour  is  done  by  th«  Autotype  CkjmpaDy,  Londou,  and  by  Rommler 
and  Jonas  of  Oreaden. 

As  a  general  guide  Captain  Abnoy's  work  on  InMrwtion  in  Photography,  1 886,  and 
Hardwick'*  Manual  oj  Pholographic  Ckemittry,  edited  by  Taylor,  1883,  may  bo  con- 
Laoltfld.     Other  recent  treatises  are  the  following  : — 

Littrature  <m  Photofraplij/,— Atwood  (New  Apparatus  for  Photo-micrography):  Joum. 

R.  Mic.  Soc,  y.  1886,  p.  330.    Belfield  (Photo-raierogrsphy  in  LeKalt'oMK) :  Jouni.  R. 

Mlc.  Soc  iv.  1884,  p.  806.     Bigncll  (Photo-niicjogrophy) :  Year-book  of  Photog.,  1886, 

(I.  95.     Crookshank  :  PbotoKrapby  of  Bacteria,  1887.     Evans  (Plinto-mioroKmpliy) : 

Jimm.  a.  Trau.-i.  of  Phologr.  Soc,  xi.  188t),  p.   2f>.     Foulerton  (Micro -pliDtourHphy) : 

I  F"K^   Mecban.,  xli.  \SSS,  p.  320.     Francotte  (Resume  uf  a  Coufurencfl  on  Mioro-photo- 

apby.  etc) :  Bull.  Soc.  Betge  de  Microscopie,   xiii.   1886,  p.  24.     Hitchcock  (Optical 

emeiits  for  Plioto-iuifrography) :  Jouni.  R  Mic.  Sue,  v.  1885,  p.  1070;  (Choto- 

[ViicTography)  Amer.  Mnoth.  Mic  Jouni.,  vii.   1886,  pp.  48,  67,  92.      nolnuut  (IuaUti- 

ueou*  Micro-photof^ph) ) :  Joum.  R  Mic  Soc,  iv.   1886,   p.  333.     Israel  (Micro- 

botogniphy  with  High  Powem) :  Arch.  t.  path.  Aunt.,   cvi.   1886,  p.  fiO'2,     Jenning^s  : 

low  to   Photograph   Mic.  Objecu,   188fl.     Johnson   (Pboto-micropTaphy) :    .1.    Kny. 

lie.  Soc,  iii.  1883.  p.  113.     Kain  (Photo-niicro|^aphy) :  Ani.  Month.   Mic.  J.,  N.  Y., 

1882,  p.  69.     Koch:  Mittheil.  a.  d.  Ic.  GesundhBiUanite,  L  1881,  p.  10.     Malley : 

licro-photORraphy,  etc     Marion:  Practical  Guide  to   Pbntography.     Miller  (Tlienry 

and  Practice  of  Photo-micri.Krsphy)  :  Engl.  Mecbau..  ili.  IS'jS,  pp.  298,  S.'S".     Nachefs 

Phuto-mvcrographic  Microacope  ;  Jouni.  R  Mic  Soc,  vi.  1886,  p.  840.    Norton  (Pholo- 

^nucrography  wiihdut  a  CiDirra) :  Amer.  Mouth.  Mic  Joum..  vii.  1886,  p.  152.    Olivier  : 

[IfeT.   ScirDt.,   xxix.  1882,   p.   4:6;  (Phou-typic   Proc«»««   applicable  to   Heprmluction  of 

Fhoto-raicrograph*)  Jouru.  R.  Miv.  S<ic.,  vi.  1SS6,  p  1060.      Piersol  (Staiolng  Tissues 

for   Photography) :  .*m«T.    MfUth.    Mic.  Jouro.,   vt    1885,  p.  41  ;  Med.   News,   Phila., 

ilriii.  1886,  p.   697.     Sternberg:   Photo  micrographs  aaJ  How  to  make  them.  1883. 

Thompson  (&ii>y  Method  of  making  &Ii>'ro-pbotograph«) :  Year-hook  of  Photog.,  1886, 

p.  49.     Thurston  (Staining  Bacterin  for  Micm-photographic  Purposes)  :   Eugl.  Mecban., 

il.  1884,  p.  336.     Viallanes:  Micro-phot<ipraphie,  \>i8«.     Walmsley  (OeUtiue  PUtea 

for  Lantern  Projectioun) :  Proc.  Am.  Asa.  Adv.  8c.  Salem,  iiiiv.  1886,  p.  861  ;  (How 

to  make   Photo-micrographs)  The  Microacoiie,  vi.  1886,  p.  49.      Wrig'ht  ( M icro-photo- 

aphy)  :  Engl.   Mecban.,    xxxix.    1884,   p.    519.      Yvon  (Micro-phutography) :    J.   de 

bar.  et  Chin.,  zii  1885,  p.  380. 


CHAPTER  Viri 
PRACTICAL  BACTERIOLOGY 

GENERAL  REMARKS 

60.  Bkfork  a  particular  micro-organism  can  be  held  to  be  the  act\ul 
tnaUrM  pef(an$  of  a  disease  it  must  (I)  be  found  in  the  aflPccted 
tisHues  or  in  some  other  part  of  tlie  body  ;  (3)  it  must  be  capable  of 
iaolatioD,  and  of  being  cultivated  artificially  ;  (3)  the  artificial  culture 
must  be  proved  to  reproduce  the  disease ;  and  (4)  the  organism  must 
again  be  discovered  in  the  body  of  the  inoculated  host 

One  of  the  main  objects  of  practical  bacteriology  is  the  perfection 
of  method*  whereby  these  criteria  may  be  fulfilled. 

ARTmCIAL  CULTITRE  MSOIA. 

61.  Of  these  there  are  two  varieties — iiqttid  and  solid.  Some  yean 
since  liquid  media  were  almost  exclusively  employed.  Since  the  in- 
tnxluction  of  gelatine  as  a  culture  ba^is  by  Koch,  however,  solid  media 
l»ve  aluioui  orilirt'ly  supplanted  them,  unless  for  particular  purpose*, 
such  ail  the  cultivation  of  an  isolated  organism  in  largo  quantity,  or 
where  the  products  of  germ  growth  (ptomaines,  etc.)  are  to  be  the 
object  of  study.  Solid  media  are  preferable  to  liquid  for  the  differen- 
tial cultivatictn  of  most  micro-organisms  (I)  because  several  can  be 

rown  sirlo  by  side  in  the  same  mass  without  their  intermingling; 
Jibd  {'2)  Utcuuse  the  manner  in  which  they  grow  on  the  solid  surface 
is  an  imiKjrtaut  diagnostic  indication  of  their  nature. 

(a)  LIQUID  MEDIA. 

62.  (A)  Bouillon. — This  is  one  of  the  most  useful,  and  may  be 
made  from  tiie  muscle  of  the  ox,  sheep,  chicken,  etc.  That  made  from 
ox  muscle  will  usually  be  found  to  be  suitable  for  the  growth  of  moat 
organisma  It  is  well,  however,  to  select  the  muscle  of  the  same  kind 
of  animal  as  that  which  has  contracted  the  disease  under  obaenration. 


['flB&r.  Tui 


PASTE US^a  AND  COHN'S  FLUIDS 


113 


Bouillon  contains  the  extractives  and  salts  of  the  meat,  and,  after 
jirolonged  boiling,  jirobabU'  some  soluble  albumin.  As  the  amount  of 
oi^uiic  matter  in  it  is  small,  it  cannot  be  expected  to  support  an  active 
growth  for  any  length  of  time.  The  meat  from  which  it  is  made 
should  l)e  as  fresh  as  possible,  seeing  that  it  becomes  acid  by  keep- 
ing, And  is,  moreover,  liable  to  be  contaminated  with  foreign  organisms 
to  a  greater  extent  than  is  avoidable  with  ordinary  [precautions. 

Proeednre. — Mix  500  gmi.  of  lean  meat,  free  from  fat  and  finely 
chopped,  with  1000  c.c.  distilled  water.  Allow  the  mixture  to  stand 
in  ice  for  twenty-four  hours.  Boil  for  abojit  three-quarters  of  an  hour 
and  carefully  filter,  first  through  muslin,  subsequeutly  through  paper. 
The  reaction  will  probably  be  acid,  and  as  the  majority  of  vegetable 
micro-organisms  grow  be.st  in  a  neutral  or  faintly  alkaline  medium,  it 
miut  be  neutralised  by  addition  of  solution  of  so<iic  carbonate.  All 
artificial  media,  whether  solid  or  liquid,  must  be  similarly  neutralised. 

The  neutralisation  is  to  bo  effected  with  the  utmost  care  so  as  not 
to  overstej)  the  neutral  point.  It  is  better,  however,  to  err  on  the 
alkaline  than  on  the  acid  side. 

If  the  liquid  contain  excess  of  alkali  it  may  become  turbid  from 
precipitation  of  phosphates.  Should  this  happen  the  alkalinity  is  to 
be  corrected  by  the  addition  of  lactic  acid,  with  subsequent  reboiling 
and  filtering.  A  very  small  quiintity  of  lactic  acid  is  usually  sufficient 
Should  it  still  remain  turbid  the  addition  of  the  white  of  an  egg  to 
the  beef  t«a  while  it  is  cold,  with  subsequent  prolonged  boiling,  will 
render  it  jierfectly  limpid. 

(B)  Pasteur's  Fluid. — This  consists  of  the  following  ingredients 
(No.  312,  Iviii.  p.  323):— 

Tartrate  of  ammonia  1  grm. 

Candy  sugar      .  10    „ 

.Distilled  water  .  .100  c.c. 
The  ash  of  I  gnu.  yeast 

(C)  Cohn's  Fluid  (No.  355,  i.  2  Heft,  p.  195)  is  composed  of^ 


Phosphate  of  potash 
Crystallised  sulphate  of  magnesia 
Tribasic  jdiosphate  of  lime 
Distilled  water 


0"5  grm. 
0'3    „ 
0-05  „ 
100     C.C. 


Then  dissolve  in  it  1  grm.  tartrate  of  ammonia. 

Pasteur's  and  Cohn's  Fluid.'?,  besides  beinj^  media  on  which  many 
pathogenic  and  other  bacteria  may  be  cultivated  are  particularly  ser- 
viceable for  the  growth  of  the  moulds.  Pasteur's  fluid  is  sujiposed  to 
supply  synthetically  the  elements  necessary  for  the  sup])orl  and  in- 
crease of  the  lower  fungi  As  a  medium  for  the  growth  of  Ijacteria, 
however,  it  is  inferior  to  the  albumin  and  albuminoid  containing  pre- 
parations so  much  in  use  at  the  present  day.     Of  all  forms  of  a  purely 

vol- 1  I 


114 


PRACTICAL  BACTERIOLOGY 


PART  I 


carbonaceous  pabulum  on  which  low  T^etable  organisms  will  grow, 
grape  mpar  probably  supplies  the  most  readily  assimilable,  whik' 
alhumin  is  to  be  regarded  as  best  adapted  Mhen  carlwnaceous  and 
nitrogenous  olenients  combined  are  desired,  more  especially  if  in  the 
form  of  peptone  (Niigeli,  No.  356).  A  mixture  of  the  two  will,  there- 
fore, probably  afford  the  richest  available  nourishment. 


Pto,  10—  MsAi-rfccaa  >i>k  Extract 
tun  Ua«r-Jeirc 


(f{)  SOLID  MEDIA. 

63.  (a)  Koch's  Nutritive  Gelatine  (No.  44.  i.  1881,  p.  24).  Of 
ail  niitiitive  media  in  use  at  present  this 
is  undoubtedly  in  most  favour.  It  is  mad* 
by  mixing  500  grm.  finely  chopped  Imui 
meat>  free  from  fat,  with  1000  cc  dia- 
tilled  water.  The  meat  is  allowed  to  soak 
in  a  cool  ]ilace  for  twenty-four  hours,  and 
if  the  weather  Ije  warm  it  should  be 
placed  in  an  ice  safe.  The  red  coloured 
liiiuor  is  filtered  o<f  through  muslin 
after  this,  and  the  meat  is  squeeied  in 
the  hands  or  in  a  screw -prea  ao  M  tO^I 
Kot  as  much  juice  out  of  it  as  possible. 
If  the  li4Uor  does  not  come  up  to  1000 
c.  c.  (the  original  quantity)  some  more  dis- 
tilleil  water  is  to  be  added  to  the  meat, 
stirred  up  with  it,  and  again  filtered  off 
until  the  requisite  amount  has  been  obtained. 

To  this  have  to  be  added — 

1(1  grms.  colourless  peptone, 
S      „      common  salt, 
and  100      „      French  gelatine  in  flakes. 

The  gelatine  should  be  cut  into  strips,  and  must  be  allowed  to 
for  at  least  fifteen  minutes  in  the  licjuor  before  being  melted. 

The  whole  is  now  heated  in  a  steam  steriliser  (Sect.  G9)  so  as  merely 
to  melt  the  gelatine  (about  65°  F.)  but  not  to  precipitate  the  albumin 
of  the  meat.  It  must  then  be  neutralised  as  before  directed  (Sect.  6'J), 
and  boiled  for  an  hour.  Great  care  must  be  exercised  not  to  overstep  i 
tlie  alkaline  turning  point  to  any  great  extent,  otherwise  there  may  be 
some  difficulty  in  clarifying  the  medium. 

FUttritig. — It  is  filtenfd  through  pajx-r  while  hot,  a  warm  water 
funnel  being  employed  if  there  ia  any  difBculty  in  getting  it  to  paas,  « \ 
procee<ling  which,  as  a  rule,  is  unnecessary.     All  that  Im  usually  noed- 
ful  is  an  ordinary  funnel   provided  with  Swedish   filtor  piper,  and 
thrown  into  a  sufficient  number  of  folds. 

llio  warm  water  funnel  consists  of  a  copper  casing,  into  which  an 
ordinary    funnel  can   be  ftlte<l   water-tight  by  an   india-rubWr   cork 
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i  BtuTounding  iu  neck.  Water  is  poured  into  the  interval  between  the 
two,  and  is  heated  by  a  Bunsen  burner,  either  through  a  jvrojecting 
arm  or  by  means  of  a  circular  fringe  of  small  gas  jets. 

As  llie  medium  is  being  boiled,  the 
albumins  are  precipitated  in  the  form  of 
a  thick  tenacious  mass.  If  the  neutralisa- 
tion has  been  carefully  conducted  they 
an  usually  sufficient  to  cany  down  any 
impurities  with  them,  and  to  render  the 
liquor  quite  clear.  If  it  still  remains 
muddy  after  filtering,  the  white  of  an  egg 
ought  to  l>e  shaken  up  with  it  at  as  low 
a  tcnjj>enkture  as  is  consistent  with  the 
m*dium  remaining  liquid,  the  whole  being 
•abstHjuently  reboiled  and  filtered. 

Um-  0/  Variijus  InyreJicrUs. — The  con- 
stitaents  of  the  meat  which  are  retained 
ID  tbe  mixture  are  luainly  its  5(i//.<  and 
titneti»es.  It  is  always  bolter  to  derive 
these  from  their  natural  sourci^  than  to  at- 
U'mpt  to  comjwjund  them  synthotienlly. 

PrpUym  is  employed  with  the  view  of 
auppJying  a  proteid  basis  which  will  not 
ooogulatt!  by  heat.  Bacteria  convert  albu- 
min into  pei>tone  before  assimiiatiiig  it, 
hence  another  reason  for  its  emiiluynient. 

The  addition  of  common  salt  aids  the  solution  of  the  peptone. 

The  gelatine  of  commerce-  probably  ditt'ers  somevvjiat  in  compositiotL 
It  seem*,  however,  to  be  mainly  a  mixture  of  chondrin  and  mucin. 
Some  bacteria  have  the  jiroperty  of  liquefying  it,  others  have  not. 
Those  whicli  liquefy  probably  secrete  a  ferment.  It  should  always  be 
employed  of  the  same  proportional  strength  (10  per  cent),  as  the 
manner  in  which  v.arious  bacteria  grow  depends  to  some  extent  on  its 
flolidity.  If  too  much  alkali  is  employed  in  neutnilising,  and  mure 
ecpecially  if,  in  aildition,  it  is  subjected  to  prolonged  boiling,  it  is  apt 
to  lose  its  gelatini-sing  properties. 

('<)  Agar-ag^r  Medium. — The  above  gelatine  basis  is  admirably 
saitod  for  the  growth  of  bacteria  at  the  ordinary  temperature  of  a 
Kilting-room.  Where  a  higher  temperature  is  requisite,  gelatine  cannot 
lie  employed,  as  it  liquefies,  and  a<jar-/tijitr,  or  some  other  substance 
which  melts  at  a  higher  temperature  than  gelatine,  must  be  substituted.' 

Its  solution  is  luded  by  soaking  over  night  in  salt  and  water,  the 
salt  being  afterwards  removed  by  successive  washings  before  being  used. 
Tbe  sajne  ingredients,  with  the  exception  of  the  gelatine,  are  employed 
•a  in  Koch's  medium.     The  proportional  quantity  of  agar  docs  not 

'  Ag:ir-a^r  ii  a  vegetablu  ||r«Iiitiii«  nbtiiiiied  from  wreral  Nca-wcedit  on  the  coiut«  of 
J«r>«ii    Itiilia,  Ceylon,  rlc.      It  iirtlt^  ;.t  HO'  f".,  fixes  at  40°  C,  ttud  boils  at  106'  C. 
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require  to  be  so  great  It  will  bo  found  that  10,  15,  to  20  gnn.  |»er 
1000  C.C.  is  suflicicrit  to  funii8h  a  firm  jelly.  A  little  liquid  i»  usually 
squeezed  out  of  the  maw  as  it  cools.  The  jelly  remains  solid  at  the 
highest  temperature  that  may  be  employed  for  culture  puriKwes.  It 
ought  to  be  boiled  for  an  hour,  uoutndiscd,  and  clarified  with  the  whit« 
of  an  egg  a«  before  described. 

While  liquid,  it  is  perfectly  limpid  and  transparent,  but  as  it  cool*! 
it  always  becomes  slightly  milk)'. 

On  loeoaDt  of  this  opacity  Edington  (No.  69,  lS8e,  ii.  p.  704)  »ub«titui«s  Iriih 
moM  for  kgu-9ffu.  It  t>oaacaae«  greater  tmupuvncy,  and  is  of  itacU  an  f  xcellant 
eultnni  baau.  Two  ouncca  ofinom  ar*  soaked  orvr-night  iu  eighteen  ouncni  water. 
N«zt  iDoraiiig  (lin  fwollvu  mow  is  boiled  in  the  itcam  it«nliscr  for  an  bour  and 
a  half,  and  is  thakcn  op  from  timn  to  time.  Thi.>  mass  \»  theo  preaaeti  two  or  thrM. 
tiuice  through  flannrl  or  felt,  and  a  clear  liquid  ia  thtu  obtained  which  gclatiniaM' 
at  31*  C.  If  the  liquid  La  evaponiti>il  ilimii  to  ten  ounces  and  gi'latiniiied,  it 
mvlta  at  ^O"  to  bit'  C.  It  may  be  mlLvd  with  2  yet  c«iit  puptooe  aud  I  per  oeot 
eana  sugar. 


(c)  Solid  Blood-serum. — There  arc  some  organisms  which  will  not 
grow,  oi    which    grow    with  the  greatest  difficulty,    on   the  gelatine 
media   just   described   {f.ri.   tubercle).      It  was  discovered  by   Koch 
(Na  43,  xix.  18.'^'2,  p.  224)  that  blood-serimi  when  jMirtially  coagulatedj 
fulfilled    the  piu-i)o«>cs   of   a  solid   gelatine   medium,   and  atTurdcd 
uutriunt  basis  on  which  many  of  these  refractory  organisms  groV^ 
luxuriantly. 

Source. — The  blood-scnim  may  be  obtained  from  varioua  animali^j 
the  ox  being  that  which  is  generally  chosen.     Several  wide-mouthed 
■topper-bottles  are  steriliiwd  by  rinsing  them  thoroughly  with  xolution 
of  corrosive  sublimate  {1  to  1000).     The  sublimate  i*  removed  withi 
alcohol ;  and  in  order  to  facilitate  the  drying  of  the  interior  of 
Iwttles  the  alcohol  is  wiishcd  out  with  etlicr,whiih  is  allowed  to  evnporat 
while  the  mouth  of  the  liottle  is  held  downwards.     The  etopjwr  it  < 
re]>lac<'d  and  rendered  airtight  with  vaseline. 

As  the  atiiiiiul  ia  being  bled  from  the  aorta  or  innominate,  the  first 
gush  of  blood  ia  n>ject«d  as  probably  being  impure.     The  stopper  is 
carefully  removed  in  course  of  time,  with  the  mouth  of  the  bottle  down-:, 
wards,  and  each  Ijottle  is  about  three-fourths  tilled  with  blood.     Tha 
■topjKjr  is  immediately  replace<l,  and  all  the  bottles  similarly  filled 
placed  lor  twenty-four  hours  iu  a  trough  filled  with  ice,  so  as  t4)  hinder' 
coagulation,  and  prevent  the  growth  of  any  bacteria  or  their  spores  which 
may  have  accidrntally  gained  iiccess.     As  the  clot  begins   to  get  flr 
(two  to  three  hours  afterwards)  it  is  well  to  separate  it  from  the  sides 
the  vessel  with  a  sterile  glass  rod,  so  as  to  allow  of  the  blood-seruni  beiii{^ 
pres&ed  out.     If  this  is  not  done  it  may  happen  that  comparativeijrJ 
little  serum  will  lie  obtained  by  the  followring  day. 

SUriliMtion. — The  blood-senim,  as  free  as  possible  from  corpiuclea,  tal 
now  introduced  by  means  of  a  sterile  pipette   into  test-tubea  whic 
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have  been  previou&ly  plugged  with  cotton  and  sterilised  (see  p.  122). 

They  are    immediately  afterwards  placet!  in   a  serniii-nterilistr  in  the 

upright  position  and  heated  to 

from  54"  to  56°  C.  daily  for  two 

hoors  on    eight    successive    oc- 

easiona.     The  object   in  doing 

BO  is  to  sterilise  any  impuiities 

which    may    accidentally    have 

gained  entranof-. 

The  serum-steriliser  con- 
sists of  a  doul)le- walled  round 
clumber,  the  interspace  between 
th«  walls  being  tiUed  with 
water.  The  lid  is  similarly 
constructed,  and  b  perforated 
with  an  aperture  for  a  tber- 
momet«r.  The  interior  of  the 
chamber  is  subdivided  by  par- 
titions into  four  compartments 
for  the  reception  of  the  test 
tubes.  The  body  of  the  cham- 
ber is  heated  by  a  Bun  sen 
bunier  below,  the  Hd  being 
I^Mated  by  another  burner, 
placed  under  a  hollow  aim 
projecting  from  its  side.  The 
U^mperature  can  be  regulated 
by  a  thermostat 


'immm 


Koch  employs  one  ftpparntus  for 
■t«nluuig  blood-ieruni  lud  another 
J6r  stiffiraing  it.  There  is  no  reason. 
bowevrT,  why  lioth  processes  shnuM 
Bci  h*  ciuTiwl  on  in  the  snme  chfttn- 
b«c.     Bohrbevk  manufactures  an  appiiratua  for  this  purpose.' 


Fio.  28.  —  RoHKBErjii'it  Ajtakatub  ron  Steul- 

laiTION   AND  STirrEMING  OF   BlOOO-BCHl'X. 


Sliffming. — When  sterilised,  the  tubes  are  laid  in  the  serum-stiffener 
at  a  t<imper.iture  of  68°  C.  The  seruni'diffetier  is  a  doublewalIc<l  four- 
sided  box,  with  water  in  the  interspace,  as  in  other  like  instninients. 
It  is  set  DiMU  legs,  two  of  which,  at  one  side,  can  be  raised  or  lowered 
by  removable  screws,  so  as  to  incline  the  apparatus  at  any  desired  .'\ngle. 
A  Uurmometer  is  laid  on  the  floor  of  the  ajiparatus  side  by  side 
with  the  tubes.  A  thermo.stat  may  be  inseiled  as  in  the  serum- 
Steriliser. 

'  "nti*  Mkil  *1I  other  bocteriologiciil  apparatos  can  be  had  from  Dr.  Rohrbeck,  24  Karl- 
noe,  B«rlin,  at  very  niodenite  cost.      Messrs.  Becker  &  CV}. ,  34  Muideu  Lane,  Covcnt 
\  Omicii,   Loudon,    alM>  fumiah    most    of    the   inotrunicutii   used  iu   Professor  Koch't 
UlmraUirv. 
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In   course   of   time   the   liquid   serum   solidifies   into   a    somewhat 
opalescent  jelly,  which  forms  an  admirable  culture  surface. 

AfUr-ireatment. — As  soon  as  the  cont4.>nts  of  ii  lube  are  noticed  Ut\ 
have  become  sohd  the  tube  is  removed.      The  tubes,  covered  with 

caoutchouc  caps,  are  oftrrwards 
retained  at  a  body  tcmiKTivture 
in  an  incubation  cliamb«?r  (see 
Sect.  76)  for  several  days.  A 
little  liquid  always  exudea  from 
the  mass.  If  this  becomes  tur- 
bid, or  if  opaque  spots  or  flakes 
are  noticed  in  the  jelly,  then 
the  tube  is  impure  and  ought  to 
be  rejected. 


V/// 
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Flu. 


Km'U's  HuirH-Siltroiik. 


Unna's  Method  of  preparin|f4 
Blood  -  Serum. — Owinjt  tn  the  loir 
teiii|H'raturp  vhich  can  alone  bv  rm- 
|iloye<l  for  the  stcrilintion  of  blood* 
M-Tuiii,  tli«  proccM  U  DeceMarily  pro- 
tracted  and  never  quite  certain.  UiiMJ 
(No.  4S.  iii.  1886,  p.  521)  hjudcviacd' 
the  following  prot'oduro  in  ordfr  to 
overcome  thewi  ililHcnltiHN.  Alwut  40  c.c.  of  bloid-scruni  from  the  calf  are  {■oun-il  into 
a  latge  vaaael,  ami  to  thix  al>out  half  tlie  quantity  of  biuoudc  of  hydmgtn  (H,(>,)  ia| 
ftldad  drop  by  drup,  ahalciug  the  vomcI  mcanwhiU  rigoroimly.  The  binoxidr  should- 
be  drop|ied  in  ntitil  thr  brown  M<am  which  gathcn  on  the  nirface  becomei  white.  The 
mixture,  which  i.<i  now  scid,  \it  rendered  (lightly  allcaline  with  a  two  per  cent  carbonate 
of  wxla  aolntinn.  It  i)i  next  tiltere<l  throuKh  a  fanuel  lined  with  a  doiililo  layer  of  {Mprr 
one  quarter  tilled  vitb  well-culciiie<t  "  Kioitelguhr."  Whenever  the  liquid  comes  through 
elsar  it  is  allowed  to  run  directly  into  the  te§t  tulios.  The  Utter  arc  then  placed  in 
a  Koch't  blood-wrura  ititfcner,  whoae  intentpace  is  filled  with  oil  instead  of  water. 
The  oil  ii  heated  up  very  aUiwIy,  the  flame  being  removed  whenxTrra  whitikh  rlnudi- 
BMi  ia  noticed  in  the  iierura,  a*  the  coagulation  point  ia  rraclie<l.  The  adrantage  of 
aiiding  the  iuji^redients  above-maotionod  i»  tlut  they  enable  the  senim  to  coagulata 
at  a  much  higher  tem|ieraturc  than  it  doM  naturally  (90°  to  120'  C.  in  place  of  SV  C.\ 
When  coagulation  ia  corapleteil,  the  temperature  ot  which  it  ha*  taken  place  ia  main- 
tained for  an  bonr.  The  water  of  condenutinn  iipouMMloff,  and  tb'tubca  are  retained  for 
anotherhalf-hourit  thesame  tem])eraturc.  The  water  of  con  den  nation  ia  again  remorcd, 
and  the  warm  te«t-tnb«a  an  tramiferrNl  to  a  »team  Bterilincr  at  al>out  60*  C.  in  which 
they  ar*  tluwly  heated  up  to  a  UiiUng-iKiiiit,  or  retained  at  thla  for  quite  half  an  hour. 

If  an  cxceaa  of  carbonate  of  aoda  be  added,  the  terum  will  fail  to  coagulate  «v«b  atj 
the  above  high  temperaturr. 

Neither  the  binoxide  of  hydrogen  nor  the  oarbonate  of  toda  Interfere  with  tba 
•eruni  an  a  cultiin-  baxia. 

[d)  Glycerine  A^ar-a^ar.— Thia  can  be  substituted  for  atiffened  blood-wmn  in 
the  cultivation  nf  the  liibcn  lo  liacillus. 

Dr.  Crookkhank  infonna  the  author  that  ha  baa  entirely  given  up  blood-aamm  for 
the  above  pttrpow,  liudin);  that  glycerine  agar-agar  ia  to  mnoU  mare  readily  pivpandt 
■ad  Csnaa  an  aqually  gixxl  •'altan  liaaia.  It  ia  made  ttniply  by  adding  8  per  east 
gtyMfina  to  the  ordiimr}-  agar  mediiun. 
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(e)  Sterilised  Potato.  —  For  the  cultivation  of  chromtigenotis 
iacteri(t,  or  such  sis  secrete  a  colouring  niatttr,  there  is  no  better  baeia 
thun  sterilised  potato.  It  may  happen,  as  in  the  case  of  the  glanders 
bacillus,  that  when  sown  on  nutritive  gelatine  the  orgsinism  appears  to 
b*  colourless,  whereas  on  ])Otato  its  chromogenic  properties  assert 
theiiuelve& 

A  potato  surface  is  also  useful  as  a  me^ins  of  encmiraging  certain 
oryanifms  In  xpure.  Thus  anthrax,  if  sown  on  this  basis  and  kept  in  the 
culture  chamber,  will  bo  found  to  Ije  sporiiig  prolitically  wthin  forty- 
eight  to  sixty  hours. 

The  older  method  of  preparation  consisted  in  placing  an  entire 
half  of  a  sterile  potato  in  a  moist  chaml>er.  A  more  convenient 
methoil  is  to  keep  only  little  blocks  of  it  in  glass  capsules  provided 
with  loose  lids  (Esmarch). 

The  potato  is  scrulihed  with  a  hard  brush  imder  a  stream  of  water. 
It  is  then  left  in  a  solution  of  corrosive  sublitnate  (1  to  1000)  for  an 
hour  or  so  to  purify  the  surface.  With  a  knife  rendered  sterile  by 
pASsing  it  through  the  flame  of  a  Bunsen  lamp,  a  quadrilateral  piece  is 
CTit  from  the  centre,  and  is  rapidly  transferred  to  the  glass  capsule 
previously  sterilised  by  heat.  The  tiipsules  with  contained  potato  are 
next  jrlaced  in  the  steam  steriliser,  and  the  sterilisation  is  completed,  aa 
elsewhere  described  (Sect  69).  The  potato,  even  although  the  lid 
oOTering  it  fits  comparatively  loosely,  will  remain  free  fronn  contaniina- 
tioo  and  ready  for  inoculation  for  months,  more  especially  if  the 
ct]wules  be  protected  by  a  boll  jar, 

JnoruUifum. — Lift  the  lid  of  the  csipsule  half  U{),  and  with  a  sterile 
8w,  or  with  a  platinum  nee<lle  having  some  of  the  cidtiire  to  be 
hkoculated  adhering  to  it,  scratcli  a  number  of  lines  upon  the  surface 
of  the  potato.  This  may  be  done  in  the  greater  number  of  in- 
BtanceA  without  contamination,  if  ordinary  precautions  are  obsen'ed 
(Sect.  75). 

Potato  Paste  may  be  substituted  for  the  solid  potato  when  a 
very  extensive  surface  is  desirable.  The  potatoes  are  boiled  for 
an  hour,  and  the  dry  floury  centres  are  mixed  with  sufficient  distilled 
water  to  convert  the  whole  into  a  stiS"  paste.  This  paste  is  enclosed  in 
suitable  glass  capsules,  and  sterilised  with  steam  in  the  usual  manner 
(Sect  69). 

(/)  Bread  Paste. — Stale  coarse  bread  is  thoroughly  dried  in  an 
or«D,  but  not  roasted.  It  is  ground  to  powder  in  a  mortar,  and 
moistened  vnlh  distilled  water  sufficient  to  convert  it  into  a  paste. 
It  is  then  placed  in  the  sterile  capsules  used  for  potato,  just  ilo- 
Bcribcd,  and  is  sterilised  in  the  steam  steriliser  in  the  usual  manner 
(Sect.  69).  It  has  an  acid  reaction,  and  is  ]}articularly  well  siuted  for 
the  growtli  of  moulds.  If  it  is  to  be  employed  for  the  culture  of 
iMteteria,  it  must  be  neutralised  with  solution  of  carbonate  of  soda. 
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tents  are  then  sterilised  ^rith  steam  {Sect.  69).  It  is  sometimes 
advisable  to  make  a  surface  culture  on  the  gelatine,  in  which  case  the 
gelatine  should  be  allowed  to  solidify  with  the  tube  in  the  prone 
position. 

The  cotton  which  plugs  the  tubes  must  be  kept  quite  dry,  other- 
wise it  loses  its  germ-filtering  properties.  When  the  tubes  have  been 
proved  to  be  sterile,  the  superfluous  part  of  the  plug  is  cut  off  and  the 
cut  surface  is  singed  in  a  Bunsen  flame,  while  the  neck  of  the  tube 
may  be  heated  at  the  same  time,  so  as  to  sterilise  it,  if  by  chance  any 
ooQtamination  have  taken  place.     A  caoutchouc  cap  is  finally  adjusted 
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Fm.  at.— Lwmi's  Flask  :  N,  the  bulb ;  F  uid  C,  ootton  plugs ;  O,  nonle. 


the  end  of  the  tube.  The  tubes  may  thus  be  retained  ready  to 
inoculate  for  almost  any  length  of  time. 

Lister's  Flask. — Where  it  is  desired  to  take  a  small  quantity  of 
sterile  liquid  from  time  to  time  out  of  a  vessel,  this  may  be  employed 
with  advantage. 

It  consists  (No.  192,  xxix,  1878,  p.  430)  "of  a  flask  {N,  see  fig.  :M), 
having  a  bent  spout,  large  at  the  comtnencement  and  comparative!}' 
narrow  in  its  shorter  terminal  piirt  (0)  beyond  the  bend.  The  large 
nz»  of  the  first  part  of  the  spout  prevents  it  from  ever  acting  like  a 
syphon  ;  and  the  result  ia  that  when  liquid  is  poured  from  such  a  fiask 
and  the  vessel  is  afterwards  restored  to  the  erect  position,  the  end  of 
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the  nozzle  remains  valrc-d  by  a  drop  of  the  liquid  ;  and  this  gn&rds  the 
orifice,  so  thut  regurgitation  of  air  can  never  take  place  through  the 
nozzle.  And  the  mouth  of  the  flask  l>eing  covered  with  pure  cotton- 
wool (P),  the  air  that  enters  the  flask  during  the  jKniriiiy  out  of  tlie 
liquid  is  filtered  of  its  dust  by  passing  through  the  cottoiL  When  the 
dccantatioa  is  completed,  a  piece  of  rug  wrung  out  of  strong  wat«ry 
solution  of  carbolic  acid  (I  to  20)  is  applied  to  the  orifice  of  the  nozzle, 
and  by  capillary  attraction  sucks  out  the  drop ;  after  which  a  cap  of 
carbolisod  cotton-wool  (C)  is  tied  securely  over  the  nozzle,  the  ligature 
obtaining  a  purchiise  upon  the  projection  (0)  upon  the  tube.  When 
this  has  been  done,  the  liquid,  if  it  was  pure  to  start  with,  atul  tlie 
flaak  also  pure,  will  remain  ready  to  be  used  again  in  a  pure  condition 
a  month  or  even  a  year  later,  if  required." 


Stkrilisation  of  Vessels,  iNSTBtrMENTs,  and  Media. 

66.  ^V^lC^ever  vessels  and  instmments  are  of  such  a  nature  that 
they  will  withstind  a  teniperuturo  considerably  over  boiling  {mint 
without  injury,  hot  air  is  the  means  adopted  to  purify  them.  In  the 
case  of  most  instruments  the  sterilisation  can  be  efiected  by  simply 

holding  them  in  a  clear  flames ;  but 
where  large  numbers  of  tubes,  tlaska, 
etc.,  are  to  be  purified,  a  hot  air 
steriliser  is  necessary. 

Koch  anil  WoUThttgcl  (Na  44,  i.  1881,  f, 
:J2l)  from  their  reMarebM  concluded  that — 

1.  Bacteria  tree  from  aponea  ara  daatroyad 
liy  hot  air  at  a  tempcnttaro  of  100*  C.  ^tar 
one  and  a  half  hours. 

i.  S|M)rea  of  inoulJa  m)uire  n  trmjim- 
tureofllO'to  ll&'C.  forono  and  a  half  hooiB 
fur  tL(.<ir  dectrvictioD. 

3.  S|-mms  of  W-illi  an  Idlled  by  hot  air  at 
.1  temperature  of  140*  CL 

4.  Tbc  hot  air  pcni>tratc«  ao  alowljr  iato 
<.lii<'.  Is  to  be  diMnfKtixl,  that  even  after  three 
t<i  I'lir  houra  at  140'  C.  bundles  of  clotliing. 
I'U. ,  are  not  disinfected. 

5.  Heating  at  140'  C.  for  three  honra  in> 
jurw  most  textile  fabrica. 

wira        OafTky  and    Loeffler  (No.  44,  i.  1881,  p. 
■■  Tua   54oj  thowed  that  diainfrction  with  ateani  i« 
not  nearly  «o  injurious  to  clothing. 


rui.  tS.  —  Hut  Aia   8n 
Summa  Seaaaa  on  tor  fo 
A»  OkaovLanoH. 


67.  The  hot  air  steriliser  is  a  round  or  four-sided  chamber 
made  of  sheet-iron,  and  havinj;  a  double  wall.  The  outer  wall  of  tbs 
bottom  of  the  chamber  is  perforated  by  one  or  more  large  apertures, 
and  tho  roof  is  perforated  with  a  still  larger  number,  the  aperttirea  in 
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tho  latter  being  capable  of  closure  by  means  of  a  sliding  screen,  so  as 
to  regulate  the  air  circulation  between  the  wiiUa.  One,  or  it  may  be 
several  Buiuen  burners  are  used  for  heating  it.  There  ought  to  be 
a  few  movable  shelves  inside,  also  made  of  Hheet-iron  ;  and  an  aper- 
ture, passiDg  through  both  walk  of  the  roof,  coraumnicates  with  the 
interior  for  the  purpose  of  adjusting  a  thermometer.  It  may  bo  placed 
on  a  basis  of  concrete,  or  suspended  from  a  wall,  a  layer  of  asbestos 
inter^'ening. 

68.  Flasks  and  test-tubes,  before  being  sterilised  should  be  finnly, 
plugged  with  cotton  in  such  a  way  that  the  free  extremity  of  the  plug 
within  the  tube  or  flask  is  perfectly  rounded  and  has  no  loose  fibre 
adhering  to  it.  All  vessels  are  to  be  thor-  -^o 
oughly  washed,  firstly,  in  ordinary  water,  ami,  Lj^F-f*i 
lastly,  in  distilled.  The  superfluous  water  i-^  '  "  '" 
allowed  to  run  off,  and  they  are  plugged  witli 
cotton  while  damp.  The  test-tubes  are  placin 
in  a  wire  crate,  and  care  must  bo  taken  that 
the  cotton  does  not  touch  the  wall  of  tli> 
ciuunber,  as  otherwise  it  will  become  charrc<  t 
Mid  brittle.  , 

69.  Necessary  Heat — Practically  speak-   L.-^ 
ing  it  wiU  be  foiuid  that  if  glass  vessels  and      p,^  K^_w,a.  cr*t.  rou 
cotton  are  kept  at  a  tempemture  of   150    to  boldino  tebtTi'bes  wmix  be- 
170'  C.  for  half  an  hour  they  will  be  sterilised  ;  "•«  stek.usei.. 

in  fact,  if  they  have  been  in  the  hot  chamber  ju!;t  until  the  cotton  in 
some  of  the  tubes  begins  to  assume  a  yellowish-brown  colour  it  will 
usually  \>e  sufficient.  The  cotton  must,  however,  on  no  account  be 
charred,  otherwise  it  will  become  so  brittle  as  to  be  useless  as  a  plug 
and  germ  filter.  The  vessels  may  be  left  in  the  steriliser  until  the 
latter  cools,  although  this  is  not  necessary. 

Sterilisation  by  Steam.  —  Liquid  and  solid  media  must  be 
sterilised  by  steam.  This  prevents  their  becomiug  concentrated  by 
evaporation,  and  the  steam  heat  is  also  less  liable  to  impair  the 
stiffening  properties  of  those  which  contain  gelatine,  or  to  cause 
decomposition  of  their  ingredients. 

The  moist  heat  is  much  more  effectual  when  rfi,ffon/iniwtw/y  applied. 
Most  bacteria  are  killed  by  a  temperuturo  below  that  necessary  to 
coagulate  albumin,  and  very  few  will  with.stand  a  fcemperatiu-e  of  60°  C. 
Their  spores,  however,  may  remain  active  at  a  temperature  consider- 
ably above  this.  Tyndall's  explanation  of  the  efficacy  of  discontinuous 
aterilisation  is  that,  durini:;  the  intervals,  spores  become  converted  into 
rods,  and  that  these  are  more  readily  destroyed  by  the  heat.  All  culture 
media  ought,  therefore,  to  be  discoutinuously  sterilised.  On  the  first  day, 
they  are  steamed  for  three-quarters  of  an  hour  to  an  hour,  and,  on  the 
two  succeeding  days  for  from  ten  to  fifteen  minutes.  The  culture 
tubes  will  usually  all  be  found  to  be  sterile  after  this  time.  They 
should,  however,  be  kept  under  observation  for  a  week  or  more  before 
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being  used,  in  order  to  make  sure  that  their  storiliaation  ha«  been 
efTectu&L 

70.  The  steam  steriliser  used  by  Koch  consists  of  a  large  metal 
cylinder  set  ou  legs.  It  is  covered  with  felt  and  has  a  tight  fitting  lid 
provided  with  an  aperture  for  a  thermoinoter,  and  with  another  to 
allow  of  the  escape  of  the  steam.  At  a  depth  of  altout  6  to  8  inches 
from  the  bottom  is  a  movable  metal  grating.  On  this  rests  au  inner 
tin  vessel  made  like  an  ordinan,-  pitcher,  with  a  |)erforatod  bottom  and 
ft  lid.  The  part  of  the  cylinder  below  the  grating  is  kept  filled  with 
w.'iter  heated  by  a  Bunson,  the  depth  of  the  water  being  indicated  by 
a  gunge.  The  tubes  or  other  vessels  containing  mcdin  to  Ix?  sterilised 
are  placed  in  the  pitcher,  and  are  introduced  when  the  water  is 
boiling. 
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FH.\«.-noNAL  Cultivation. 

71.  It  untally  hap{>ena  that  pathological  liquids  and  tiasuce  in  their 
native  condition  contain  several  rarieties  of  micro-organism,  and  in  order 
to  study  their  individual  pmpiirtios  means  must  he  taken  for  caltivatiog 
them  si^purutely.  It  is  only  thus  that  their  charactflristica  can 
b«  inrestig»ted.  The  method  by  which  the  isolation  ia  accompIiahe<I 
is  known  im  fractiotud  ndtivalion. 

Bnfold  •&(]  XA([eli  are  hold  ta  hare  ori((iniJly  sug^nstcNi  thu  proofJnn  ;  Irtit 
Liatcr  fNa  I!>2.  xxix.  I87S,  p.  448)  flnt  pnt  it  to  practical  uao,  the  organiam  which 
he  iwlatwl  b«inK  th«  lActfriuni  loi'tis. 


CBAF.  Tin 

The  medium  of  attenuation  was  formerly  sterile  distilled  water. 
Since  Koch's  intro<luction  into  Biictoriology  of  gelatinised  media,  how- 
ever, these  have  been  almost  universally  adopted.  The  advantage  of 
a  gelatinised  medium  is  that  when  it  is  poured  out  in  a  thin  layer,  the 
organisms  that  may  be  present  in  it  remain  ajiart  when  growing, 
whereas,  in  a  liquid,  they  become  inseparably  mixed. 

The  principle  of  Brefeld  and  Nagi'eli's,  and  of  Lister's  method  was  that  of 
dilating  a  small  portion  of  the  virus  witli  dL<itillcd  waU'r  up  to  such  an  extent  tliat, 
in  all  probability,  only  one  organism  would  becontaiueJ  in  each  drop.  If  succcs-sive 
dropa  be  sown  in  a  series  of  reaselB  containing  a  liquid  culture  medium,  the  chances 
uc,  prorided  the  number  of  reasela  be  sufEciently  large,  that  all,  or  nearly  ull,  of 
Um  wions  organijims  in  the  water  will  be  ofataine^I  in  a  state  of  isolation  and 
parity, 

72.  Koch's  procedure  consists  in  inoculating  a  tube  of  melted 
nutritive  jelly  with  a  very  small  qmintity  of  the  material  in  which  the 
bacteria  are  contained.  The  gelatine  is  melted  in  a  water-bath  at  as 
low  a  temperature  as  possible.  The  plug  is  withdrawn  with  care  and 
a  sterile  platinum  needle  with  the  virus  upon  it  introduced.  The 
small  particle  of  matter  is  thoroughly  mixed  with  the  gelatine  by  rolling 
the  tube.  Three  drops  of  the  gelatine  are  then  transferred  in  succes- 
sion on  an  ose  (see  Sect.  75)  from  this  to  a  second  tube,  and  so  on 
similarly  three  drops  from  this  to  a  third  and  fourth.  The  plug  is  care- 
fully replaced  in  each  ease  before  the  mixing  commences.  The 
"  original "  or  first  tube  contains  too  many  organisms  to  be  of  any  use. 
Attenuation  Na  1  is  usually  also  to  be  discarded  for  a  like  rciison  ;  but 
Noe.  2  and  3  are  to  be  reserved.  In  making  the  attenuations  it  is  con- 
venient to  mark  each  tube  by  drawing  out  twisted  horns  of  the  cotton 
according  to  their  order.  The  one  is  otherHn'so  very  lialilo  to  l)e  mistaken 
for  the  other.  The  attenuation  of  the  virus  in  the  Iiust  tulie  must,  of 
course,  be  very  great,  and  it  is  from  it  that  the  best  colonies  can  be 
obtained. 

The  next  part  of  the  ttrhnique  consists  in  pouring  the  gelatine  from 
the  tubes  over  sterilised  glass  slips.  A  series 
of  these  slips  somewhere  al>out  ,5x2  in.  in  size 
are  sterilised  by  placing  them  in  a  flat  iron 
box  with  sin  easily  adjustable  lid.  The  iron  box 
and  enclosed  slips  are  heated  for  half  au  hour 
in  the  hot-air  steriliser  up  to  l.'iO"'  to  170°  C. 
WTien  cool,  the  Ixix  is  removed  and  placed  con- 
veniently within  reach.  _ 

A  level  and  cold  surface  must  now  be  pre-  fio.  i  .  i.  i:.x  r.« 
pared  upon  which  the  glass  slips  may  rest  in  HOLorsio  ULua  nun  waiu 
pouring  out  the  gelatine  over  them.  A  levelling 
tripod  is  employed  with  this  view,  on  which  is  placed  a  flat  glass  dish 
filled  with  ice  and  water,  and  covereil  by  a  sheet  of  window  or  plate 
gloMi,  care  being  taken  to  exclude  all  air. 
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When  the  sheet  of  gla»8  is  sufficiently  cold,  a  sterile  slip  is  taken 
out  of  the  iron  box,  and  having  been  quickly  tunied  with  the  lover 

surf&ce  upwards,  is  laid  on 
it  and  covered  with  a  bell- 
jar.  The  golatine  is  then 
poured  in  a  uniformly 
thin  film  over  the  slip, 
but  in  Eucb  a  manner 
tliat  it  does  not  run  over 
the  edg&  In  a  few 
minutes  it  will  solidify, 
and  when  this  has  hap- 
pened the  slip  is  trans- 
ferred, as  rapidly  as  po«- 
sible,  to  a  moist  chamlwr 
constnicted  in  the  follow- 
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ing  manner: — 

Moist    Chamber.  — 

A  flat-bottomed  glass  dish 
is  inverted  over  another  smaller  in  size.  The  bottom  of  the  latter  is 
covered  vrith  a  piece  of  bibulous  pa{)er  soaked  in  corrosive  sublimate 


Fio.  4f.— MouT  CaAMMlw. 

•olution  (1  to  1000).     The  interior  of  the  cliamber  ia  alao  rinsed  out 
with  sublimate,  and  the  excess  allowed  to  escape. 

The  glass  slips  covered  with  the  gelatine  are  placed  in  the  chsmber 
the  one  over  the  other,  but  separated  by  small  glass  bcnchca  on  which 
they  rest. 

Glass  Troug^ha.— In  order  to  prevent  tbe  gdatina  mnning  over  tlw  gUas  slip 
tho  UltiT  i.i  sorartinies  provided  with  m  niaed  margiii  to  ss  to  oonrart  it  into  a 
»li»1)ow  tn>iif;h.     l^-xiilvi  pnr«iitin|i  th«  K«lstiu«  fh>ra  rvmitng  «T«r,  llicss  traoglis 

aid  in  inAkiii);  tlir  ^rlutiiif*  film  uf  iiiiifonii  depth. 

78.  Esmarch's  Modificatloo  of  Above  (No.  8M,  L  18M.  p.  293).  Tbe  tabea  era 
inocaUtad  a*  in  tlio  torrpi'mg,  but  iimtrad  ot  tliv  contiilitii  Iwing  jiuurKl  out  on 
plate^  tbe  tube,  with  thr  nlch4^d  gelatine  iu  it,  i>  rotated  in  icHid  water,  or  under  a 
water  U|>,  Du  •«  to  K|ir«<id  it  r<|iijjly  over  the  interior.  The  orfciniatoa  (p^w  in  the 
film  of  Jrlly,  and  can  be  cx.imiiiod  from  tintn  to  time  umlrr  tbe  niicn)aco|ie,  through 
tbe  WTill  of  the  tube.  Tbo  cotton  plug  ahoaht  be  cut  abort  and  ainged,  ami  a  caoat- 
chour  ••J'!'  •ii'.ii"!  over  tbx  end  of  tlie  tulie,  before  immening  in  the  water.  A 
am*]|  ia   nianufaoturt«l    by   RobrWk  vrbirh  ra.ri  be  attached  to  the 

tube  ai ..  .'  uaeftil  in  (>onnting  tbr  coIoriiM. 

Thn  niothod  t«  {wrticalarl/  u-r^'icnble  iu  testing  water  for  germ  imporitiM,  as 
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ft  doe*  Bway  with  Ike  fallacy  of  iueluJing  in  the  reckoning  any  atmospheric  germs 
which  may  have  accidentally  fallen  on  the  ]ilutes  in  the  ordinary  Koch's  {irocedure. 


Flo.  «>.— EuuBCD*!  ArrAKkTvt  loa  Conmiio  Colokio  in  a  Tuna. 

Ariotng^  (No.  4,  x.  1887,  p.  276)  recommends  the  use  of  long  flat  tubes  instead  of 
tbaae  which  are  cylindrical  The  gelatine  is  ruu  out  OD  one  Hide  only,  and  in  a 
mora  uniform  film,  ao  that  the  counting  of  the  culouics  b  rendered  less  dilBculu 
The  orgonisnial  growths  can  aloo  be  examined  microscopically  with  greater  ease. 

74.  Appearance  of  the  Cultures. — In  from  a  few  hours  up  to 
two  or  three  ilays,  the  organisms  begin  to  grow  in  separate  colnnies. 
The  slips  may,  from  time  to  time,  bo  carefully  removed  from  the 
moist  chamber  and  exiiminetl  on  the  stage  of  a  microscoi>e.  The  ex- 
amination of  the  colonies  with  a  low  power  of  the  microscope,  at  an 
early  period  of  tbeir  growth  forms  an  important  means  of  diagnosis. 


^^^-^S^^AL^s 
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Fio.  44. — WoLrmPoti-B  Appakatc*  wuk  Corxnso  Colosieb  o»  a  1'latc  Cui-Tviut. 

The  fact  of  one  organism  liquefying  the  medium  while  another  does 
not,  or  of  one  being  coloured,  another  uncolourcd,  is  of  great  diagnostic 
TaJae.  The  border  and  surface  of  the  colony,  the  rapidity  of  growth, 
etc,  are  all  fealnres  by  which  they  may  be  distinguished. 

Apparatus  for  Counting  Colonies. — Tiiis  usually  consists  of  a 

plate  of  glass  divided  into  cuntimetre  siiuarus  by  a  st-ries  of  ruled  linos. 
Certain  of  the  squares  in  Woffhiigel's  ai>])aratus  are  further  sulxlivided. 
It  Is  set  in  a  frame,  and  when  about  to  be  used  is  placed  over  the 
gelatine  plate.  The  smallest  and  tlie  largest  number  of  colonies  in 
•ome  of  the  squares  are  counted  with  the  aid  of  a  leu.;,  and  an  average 
I  is  struck. 
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Method  of  Inocttlating  a  Tubk. 

75.  Granted  that  a  plate  culture  has  been  succesefitl  and  that 
several  distinct  colonies  have  shown  themselvos  in  the  plate  of  laat 
attenuation,  the  next  thing  to  be  done  is  to  Inoculate  separate  tube* 
from  each  colony  by  means  of  a  thiu  platinum  wire  set  in  a  glan  rod. 
It  is  sometimes  advantageous  to  use  a  needle  with  a  loop  upon  the 
end  (Ger.,  cise),  as  where  a  drop  of  liquid  has  to  l»e  transforrc<l  from 
one  tube  to  another  or  where  the  gelatine  surface  has  to  Iks  scratched 
or  indented.  The  wire  for  this  purpose  ought  to  be  a  little  thicker 
than  in  the  former  cnso. 

The  straight  wire  or  the  ose,  as  the  ease  may  be,  is  heated  to  red-l 
ness  in  a  Bonsen  flame.  When  cool,  the  colony  is  touched  with  ital 
point  so  aa  to  remove  a  very  small  quantity  of  the  growth.     If  th«j 

inoculation  is  to  be  made  from  one 
tube  to  another  the  tube  containing 
the  culture  is  held  with  ita  mouth 
downwards,  or  nearly  horizontal  if  the 
medium  be  liquid.    The  plug  is  with- 

vn  with  as  little  disturbance 
i  1 1  lie;  and  the  wire  is  insinuated' 
into  the  tube  without  touching  its 
Willis.  The  same  precautions  are 
taken  in  oi)ening  the  tube  into  which 
the  culture  is  to  l>e  introduced.  The 
needle  is  plunged  into  tlie  centre  of 
the  gelatine  mass,  and  is  pushed 
down  close  to  the  bottom  of  the  tube ; 
or  if  a  surface  culture  is  desired,  the 
i>sc  is  drawn  along  the  flat  surface 
from  end  to  end,  and  made  to  pierce  the  gelatine  at  intervals  in  itcl 
ooane.  In  both  cases  the  truck  of  the  needle  should  be  as  narrow 
M  poaaiblo.  When  the  inoculation  is  completed,  the  plug  is  replaced, 
and  a  label  is  at  once  attaehe<l  to  the  tube  indicating  the  nature  of 
the  culture,  the  date,  and  such  other  particulars  as  may  be  thought 
neeeaaary.  It  is  a  great  saving  of  trouble  to  have  blank  labels  roadjr  \ 
pasted  on  all  tubes  ready  to  fill  up  as  required.  The  tabes  when  in- 
oculated should  lie  kept  in  a  stand  where  the  progress  of  the  culture 
con  be  rea<lily  observed. 

As  reganls  tha  recognition  uf  particular  diMuo  toil  otb«r  gems  the  tmikt  it 
refMred  for  details  to  ila-  Oiaiitcn  on  ViyetabU  Panuntu  (voL  \L) 
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TllK  IXCL-BATION  CllAAlUKIl. 

76.  Temperature  exerta  a  most  fundamental  influence  u[>od 
rapidity  and  luxuriance  of  the  growth  of  various  orgaoisma 
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Some  orguiisma  tiegiu  to  gormiiiate  at  a  lower  temperature  than  others.  According 
to  Fliiggo  (No.  369,  p.  &2S)  many  saprophytes  .s)iow  tlie  first  signs  of  multiplication 
at  fi"  C. ,  cholera  spirillum  nt  Trom  15'  to  16°,  tubercle  bacillus  at  33%  lactic 
add  bacilli  at  43-.'<°,  bacterium  termo  at  from  40*  to  43°,  and  bacillus  subtilus,  at 
frook  50*  to  6&*.     The  highest  limit  is  difficult  to  determine. 

The  bacteriologist  must,  accordingly,  provide  himself  with  one  or  more 
incubators  iu  which  cultures  may  be  retained  at  any  desired  tempera- 
ture. An  inculiator  consists  of  a  double-walled  chamber,  with  water 
interposed  between  the  walls,  whpjse  t«mperature  is  kept  constant 
tbr^High  a  gas  flume  regulated  by  a  tluTraostat.  The  door  may  be 
nvule  of  glass,  but  this  is  [iracticsilly  of  little  advantage.  It  .should  be 
provided  with  a  number  of  movable  shelves.  A  small  Bunsen  or 
Koch's  automatic  safety  burner  fiu'nishes  the  best  flame. 
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^I'un  F  t.t.i.iiHi.  cuamber,  »1TR  Olass  Door,  Theuio-Rboulatoii,  axd  two  Tber- 
Ilia,  OS*  roR  THC  Water,  AXOTBEn  roa  rut  Cbakbeb.     Cotkbch  witb  Felt. 


The  whole   apparatus  should  be  covered  with  felt,  and  the   roof 
Boat    have    an    aperture  for   the  insertion   of   a  thermometer.       In 
tome  incubators  a  smull  di:$h  cuntaiuiug  water  is  placed  on  the  floor , 
VOL.  I  K 
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for  the  purjiose  of  keeping  the  atmosphere  moist  A  lijrgrometer  it 
usually  inserted,  when  this  is  so,  through  a  second  perfor-aiion  of  the 
roof. 

Communicating  with  the  water  chamber  is  another  perforatioo  in 
the  roof  into  wliith  the  thermostat  can  be  inserted.  Tho  thermostat 
may  even  with  advantage  1>o  placed  in  a  small  side  chamber  fatt«nod 
on  to  the  incubator. 


Att 
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Tiri:  THERMO-REOULATOR. 

77.  The  most  of  those  in  general  use  depend  for  tiieir  action  upon 
the  expansion  of  fther  ami  tnt-rcury  by  heat.  Tho  accoin|janyinjf  scheme 
(Fig.  48)  will  8or>'e  to  illustrate  the  principle  on  which  tliey  are  c<mj- 
structcd  : — v,  v,  r,  is  an  outer  glass  tul^Mj  with  a  bulbous  lower  ex- 
tremity and  with  a  neck  into  which  fits  a  {RTforatcd  cork  («:).  The 
bulb  is  itartially  divided  into  two  compartments  by  the  partition  t,  a 
free  oommunicatian,  however,  existing  l>etween  the  outer  and  inner  com- 
partments below,  while  they  arc  sepamte  above.  The  lower  part  of 
the  bulb  is  fiUetl  with  mercury  (M.),  the  up|>er  (E.A.)  with  a  mixture 
of  equal  i>arU)  of  ether  and  alcuhul  (v.  Meyer).  An  exit  tube  (eil.)  is 
attached  to  the  stem.  Through  the  jjerforation  in  the  cork  a  slender 
tube  (ji)  is  inserted.  The  lower  end  is  bevelled  off,  whUe  a  short  way 
above  the  bevelled  extremity  i*  a  minute  pin-ix)int  a{)ertiire  {a).  Tho 
entrance  tuljo  {frU.)  is  connected  with  the  gas  supply,  the  exit  tube 
(e-rl)  witli  the  Bunsen  btu-ner.  The  Bunsen  should  be  so  constructed 
that  it  will  burn  with  the  smallest  possible  supply  of  gas,  and  also 
afford  a  larger  flame  when  required.  The  B{Nico  underneath  the 
cubator  in  which  it  is  placed  should  be  siu'routided  with  metal 
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avoid  corrents  of  air  antl  as  a  security  against  accident  from  fire.     It 
u  Well  also  to  have  the  whole  apparatus  set  upon  a  stone  or  concrete 
slab. 

When    the     t«mj>erature     has    reached     the 
dcsiretl  height,  the  inner  tulje  (j))  of  the  thermo- 
regulator    is    pushed   down    until    the    bevelled 
extremity    sinks    underneath    the 
mercury.        The    supply    of    gas 
will    then  be  derived   exclusively 
from  the    pin-point   aperture  (a), 
and    the    flamo  will    consequently 
HXd   be  reduce<l  to  a  minimum.     If  the 
*"*•    temperature  sinks,  the  ether  and 
mercury   contract    and    allow   gas 
again  to  escape  from   the  end  of 
the  tube. 


To  construct  a  good  thcnuo  ■  regulator 
two  polntji  ought  to  be  attended  to. 
Firstly,  mercury  ouglit  not  to  be  em- 
ployed alone,  but  the  upjicr  i>art  of  the 
bulb  ought  to  b«  filled  with  alcohol  and 
ether;  and,  Bccondly,  the  ertremity  of 
the  tube  should  be  so  finely  bevelled  that 
a  sadden  gush  of  gas  is  prevented  when 
the  mercury  sinks.  In  order  to  avoi<l 
^^  this  it  is  almost  better  to  have  simply  a 

narrow  slit  of  uniform  size  in  the  end  of 
the  tube. 

To  prevent  disturbance  of  the  ap- 
paratus from  alterations  in  the  pressure 
of  the  gas-supply  a  MoitcMier's  ga«  regu- 
lator may  Iw  intcq)08eil  between  the  gas 
lonnectinn  and  the  thermo  -  regulator.  p(„  49^Ro„RBicKg 
Simpler  iustranicuta  than  that  of  Moi- THEaMo-RBGCLAToa. 
tessier  arc  fumiahed  by  moat  gaa  com- 
I>ani»s,  which  may  be  attached  to  the  main  supplying  a 
whole  laboratory.  It  will  bo  found,  however,  that  if  the 
stopcock  at  the  gas  connection  is  simply  tamed  half  down 
there  is  little  occasion  for  cither  of  these.  The  expanHinn 
of  the  ether  on  the  slightest  increase  of  temperature 
is  80  great  that  it  almost  instantaneously  drives  up  the 
mercury  and  reduces  the  size  of  the  flame.  Among  the 
best  thernio-regulators  are  those  of  Banaen-Meyer,  Kohr- 
l)eck,  Reichert,  and  Page. 

Other   systems   of   regulating    the  size    of  the    flame 
have  been  recommended,   but  none  are  lo  satisfactory  as 
tb«  aCKUiy  instmment  supplemented  with  ether. 

LUeratMrt  o«  0»ni»-Ciitti«re,— Abbott  (Itnprovid  Method  of  Preparing  Bloo.I-serum) : 
f  Jbd.  Kew«,  Phlla..  1887.  i.  p.  207.      Brefeld  :   Verhmdl.   d.  physik.  me.l.   Gea. 
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Staining  of  Bacteria. 

79,  All  bacteria  are  more  or  less  coloured  by  means  of  basic  aniline 
[djraa  (SecL  i'A).     As  a  rule  they  take  on  a  deep  colour  iilnumt  instan- 

DUfily,  and  retain  it  in  presence  of  decolorising  reagents  in  ])refer- 
■Dce  to  the  histological  elements  of  the  part. 

Two  Tiewa  «i*  lieM  rxplanatory  of  this  property.  The  one  is  tlint  the  stains  con- 
■tract  chemical  compounds  with  the  bacteria  ;  the  other  is  that  they  simply  dialyse 
with  nnttsiial  «ue  into  their  interior. 

Th«  eapmleii  of  twcilli  are  much  more  permeable  in  some  >n!>tances  than  in  others. 
Yootig  bacilli  atain  more  readily  than  old,  but  are  sooner  deprived  of  their  colour  by 
nitric  acid  or  by  other  decolorising  reagents. 

MORDANTS. 

80.  Certain  substances,  when  addeil  to  these  basic  aniline  dyes, 
hsTe  the  property  of  fixing  them  on  the  bacteria,  so  that  they  become 
more  uuensitiTe  to  the  action  of  decolorants. 

How  they  act  is  not  definitely  known.  It  in  possible,  on  the  one  hand,  that 
aniline,  or  other  such  mordant,  acta  by  rendering  the  bacillus  more  accessible  to  the 
eoloaring  matter,  and,  on  the  other,  that  a  new  substance  is  rorined  by  the  (>oinbimi- 
tico  of  the  dye  and  the  mordant  which  then  penetrates  the  bacillus. 

"Ui"  monUnts  in  general  use  arc  chiefly  aniline  oil,  benzaldehyd,  salicylic  aide- 
bjil,  vanillin  (Ehrlich),  turpentine  (Prior),  toluidin  (Fraenkd),  carbohc  acid 
(^hi  and  Xeelsen),  ammonia  (Weigert),  borax  (Sohli),  etc.  Aniline  oil  iind  car- 
bolic add  are  two  of  the  most  serviceable.  They  not  only  fix  the  dye  upon  the 
otg^iuMta^  bnt  render  the  coloration  more  brilliant. 


ORDINARY  STAINING  SOLUTION  FOR  BACTERIA  IN  A 

TISSUE. 

81.  A  quantity  of  commercial  aniline  oil,  sufficient  to  make  a 
saturated  solution,  is  shaken  up  with  distilled  water  and  allowecl  to 
stand  for  a  few  minutes.  When  the  water  is  saturated  with  the  ani- 
line, it  is  filtered,  and  100  c.c.  are  mixed  with  1 1  c.c.  satunitod  alcoholic 
solution  of  fuohsin,  methyl-violet,  or  some  other  basic  aniline  dye. 

This  mixture  can  be  employed  for  any  vegetable  micro -parasite  in 
a  tissue.  It  is  not  so  suitable  for  cover-glass  pre]mnitions  unless 
when  subsequently  waslied  out  with  nitric  acid,  as  it  is  apt  to  leave  a 
deposit.  That  made  with  fuchsin  k  specially  adapted  for  colouring 
the  tubercle  bacillus.  As  the  solution  decomiwses  in  a  few  days,  the 
two  ingredients  should  be  mi.\ed  always  just  bcfrtro  use. 

If  the  organism  has  been  dried  on  a  cover-slip  {Sect.  88)  it  is 
b«ttor  to  employ  simply  a  J  per  cent  watery  solution  of  gentiiin- 
violel  or  fuchsin,  or  a  satunited  watery  solution  of  methylene  blue. 
In  the  case  of  the  gentian-violet  or  fuchsin  the  auUition  is  dropped  on 
to  the  cover,  and  after    remaining    in    contact   for  a  half  to  three- 
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quarters  of  a  niinute,  it  ia  rapidly  washed  off  in  water,  <lntMl,  nml 
mounted  in  solution  of  gum -dammar  or  Canada  bal«am  in  xylid. 
With  the  methylene  blue,  it  is  better  to  &\f\m  the  cover  on  the  mrfiaoe 
in  a  watch-glass,  and  to  leave  it  in  contact  for  four  or  five  minulM. 

GRAM'S  PROCESS. 

82.  This  is  also  specially  suitable  for  organisms  contained  in  sec- 
tions of  tissues.     The  tissue  should  hnve  l>ceii  hardened  in  alcohol. 

The  staining  fluid  consists  of  a  ba.sic  aniline  dye,  such  as  gentian 
violet  or  fuchsin  combined  with  aniline  water.     Commercial  aniline 
oil  is  mixed  with  distilled  water  in  the  proportion  of  5  parts  to  100. 
The  mixture  is  well  shaken  and  is  filtered.     To  1 00  parta  of  the  filtrate^ 
5  parts  of  a  saturated  solution  in  alcohol  of  either  of  the  above  dy« 
ia  added,  and  the  two  arc  vigorously  mixed. 

Tho  sections  are  left  in  this  for  nine  minutes,  and  are  next  waahed 
in  water  and  placed  in  a  solution  of  iodine  with  potassic  iodide  of  the 
following  strength : — 

Potassic  iodide       .  .  .  .  1  grm. 

Water        .  .  .20  c.c. 

Metallic  iodine,  as  much  as  will  dissolve. 
Dilute  with  three  times  tho  quantity  of  water. 

Tlic  sections  should  be  left  in  tho  iodine  until  they  become  dark  brown 
colourei^l.  They  are  next  washed  in  alcohol  (methylated  spirit)  until 
they  have  become  almost  entirely  decolorised,  only  a  faint  yellow  tint 
remaining. 

'Hie  organisms  should  have  a  deep  blue  colour,  while  their  surround- 
inga  are  colourless.  If  the  colour  is  still  found  to  be  too  deep^  plae« 
the  section  again  in  the  iodine,  and  repeat  tho  washing  in  alcohol. 

Bismarck  brown  or  hjematoxylene  may  Ije  employed  as  contrast 
atAius.     The  preparations  are  clarified  in  oil  of  cloves  or  in  cedar  oil. 

DOUBLE  STAIIfINO  OF  BACTERIA. 

SZ.  Seveml  methoils  may  be  adopted  so  as  to  stain  the  spores  of 
one  colour,  tho  rods  of  another.  Bi-rlioz  (quoted  by  Cornil  and  Babes, 
Na  302,  \k  67)  recommends  the  following  procedure : — 

1.  Hake  •  tolution  of  6  c.c  aniline  oil  in  84  c.r.  ilwriUcd  wntcr.  Dinolre  by  hssk j 
and  Slier  when  cool.  Aild  2*5  sfrm.  lucthyl-violet  (6  R  lupcrfiae  of  Bale)  diaiolTadI 
in  10  c.c.  alcohol  at  90'  C.  and  GlUir. 

Z.  Make  a  woliitiuu  of  2'5  grni  coturinine,  9'6  o.c  diatillud  water,  6  c.c.  alcohol  at 
90*  C.     DiMolre  and  filter. 

Mix  aqnal  paru  of  tli«  two  •otutioni. 

Ii«arc  tho  tections  in  tbr  ataininK  lluid  for  quarter  of  ati  hour  or  iiior«.     Tital' 
with  a  5  p«>r  colit  •nliitiou  of  rarhoiuto  uf  soda  ur  iodido  of  |>ota»iuni.     Waah  in 
watrr  and  rauuiit  in  lialHun  iu  the  iiaiiaJ  way,  employing  clove  oil  u  the  clarifying, 
afftat. 
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Coc«iniDe  gk^t*  a  beautiful  red  snd  possesses  all  the  ailvantages  of  eosin  as  a 
grotuxi  sUin  where  the  Imcilli  or  micrococci  nrc  coloured  blue  or  violet  It  also 
drtnonstratcs  the  naclei  of  the  tisnuo,  It  may  be  employed  iu  strong  or  in  weak 
aultition.  It  can  be  used  .is  n  contrast  staiu  for  tul^ercle  bacilli  after  the  preparation 
has  Wn  decolorised  with  iiitrii-  acid. 

Fliigge  (No.  359,  p.  64.'))  draws  attention  to  the  fact  that  if  the  cover-glass  on 
which  sfmring  bacilli  bare  been  dried  be  drawn  six  times  through  the  tlame  instead 
of  th'  usual  three  times,  oi-  be  kept  at  a  temperature  of  180'  In  200°  C.  for  quarter  to 
half  *n  hour,  the  spores  talce  on  the  dye  much  more  readily.  Ho  employs  the  oriliii- 
ary  aniline  fuchsine  nswd  for  tubercle  bacillus  (Sect.  84) ;  and  the  further  procedure 
i*  exactljr  like  that  for  tliis  bacillus. 


DIFFERENTIAL  STAINING  OF  TUBERCLE  BACILLI 

84.  The  principle  involved  in  all  the  numerous  procedures  recom- 
mended for  staining  tubercle  b.acilli  is  alike.  It  is  founded  ujmn  the 
(net  that  if  they  are  deeply  coloured  with  a  basic  aniline  dye,  espe- 
cially one  to  which  some  mordant,  such  as  any  of  those  previously 
mentioned  (Sect.  80)  has  been  adilci],  they  retain  the  colour  in  presence 
of  certain  reagents  which  docoiorise  the  siurounditig  tissues.  The 
UAual  decolorising  agents  employed  uro  vesuvin,  nitric  acid, 
alcohol,  etc. 

Syphilis  bHi'illi  have,  according  to  Bienstock  (No.  11,  iv.  1S80,  p.  193)  the  same 
|iro|>crty.  and  he  is  of  opinion  that  the  cause  is  to  be  found  iu  the  bacilli  Ijeing 
mrroundcd  by  a  layer  of  fat.  The  fat  stains  readily  with  most  basic  oniline  dyes. 
He  found  (/oc  tit.)  that  various  ItaciUi  cultivate<l  on  .igar-ogar  to  which  20  per  cent 
I  fat  luut  licen  a<lded,  can  be  made  to  stain  ditrerentially  like  those  of  tubercle,  Gott- 
■tcia  'No.  11,  iv.  1886,  p.  IflS)  arrivoi  at  a  similar  result. 

(«)  Koch's  orig^inal  method  (No.  44,  ii.  1884,  p.  5). — 1  c.c.  of  a 
aatorated  solution  of  methylene  blue  is  shaken  up  with  200  c.c.  dis- 
tilled water,  and  to  this  0*2  cc.  of  a  10  per  cent  solution  of  potash  are 
added,  snd  the  whole  again  shaken.  Cover-glass  prcpnnitions  of  sec- 
tions of  tissues  containing  the  bacillus  are  left  in  this  for  tiventy-four 
hours.  They  are  afterwards  placed  in  a  saturated  solution  of  vesuvin, 
which  destroys  the  blue  colour  in  all  jmrts,  unless  in  the  bacilli,  while 
it  imparts  to  the  surrounding  tissues  its  own  brown  colour.  The 
hcicilli  are  then  seen  stained  of  a  bhie  colour  on  a  brown  background. 
The  prcpamtions  are  clarified  in  cedar  oil  or  lurpentuie.  Tliey  may, 
further,  he  washed  in  xylol  and  mounted  in  Canada  balsam  or  gum 
<lammar  di.s.solvod  in  xylol  or  turpentine. 

(/.)  Ehrlich-Weigert  Method  (see  illustration,  PI.  V.,  Fig.  86). 
Thiii  methi^l  is  saiid  by  Koch  (No.  44,  ii.  1884,  p,  6)  to  be  even 
preferable  to  his  own. 

A.  Make  a  saturated  solution  of  some  basic  aniline  dye,  such  as 
fnchsin  or  gentian-violet,  in  absolute  alcohol. 

E  Make  a  saturated  solution  of  commercial  aniline  oil  in  distilled 
water,  by  shaking  up  an  excess  of  the  former  with  the  water  and 
^filtering. 
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Add  1 1  c.c.  of  A  to  100  c.c.  of  H  and  filter. 

Stain  the  tissue  or  cover-glass  for  from  five  minutes  to  twonty-four 
hours  in  it.     If  it  is  warmed  until  vajjour  begins  to  be  givea  off, 
bacillus  stains  more  rapidly  (Rindfleisoli). 

Decolorise  in  1   ]>art  nitric  acid  to  '1  parta  distilled  water.     Wo 
thoroughly  in  water.     It  will  he  found  that  soine  of  the  colour  retunm. 
If  too  deep,  place  again  in  the  acid. 

Where  fuchain  is  employed,  the  best  contrast  stain  is  saturated, 
watery  solution  of  methylene  blue.  Leave  the  section  or  cover-glass 
in  it  until  it  assumes  a  deep  blue  colour  (five  minutes).  Pass  through 
spirit  and  oil  of  cloves,  and  wash  with  xylol.  Mount  in  solution  of 
Canada  balsam  or  gum  dammar  in  xylol. 

W>ien  tlio  prep«rstioD  U  placed  in  the  nitric  acid  it  BSsamM  ■  brown  «olo 
Elirlioh  wys  thin  i»  due  to  a  triacid  rombination,  and  that  the  rvturn  of  th« 
when   traiuferred   to   water    is    oiring   to    thii   being  cnnvrrtwl    itilti   a   nmnac 
compound. 

Where  nitric  acid  cannot  b«  einploye<l  as  a  decolorising  resgmit,  aa  in  the  « 
some  delicate  tiasnea,  Ehrlich  rccommcndt:  — 

(1)  Stabling  in  watery  Mjinttoii  of  fuchsin  Tor  tweutr-fonr  houn. 

(i)  StAining  iu  fucluiu-aniliue  solution  Tor  tirputyfour  hours. 

(3}  Washing  with  alcohol  and  ■ttb8ei|u«iit  (ti'atiueni  with  n  mixture  of 
nitric  arid  to  two  parta  taturated  aolutirjn  of  aniline  sulphate  foIJowod  hj  i 
washing  in  water. 

(4)  Stee]iing  iu  saturated  solution  of  bisulphite  of  soda  for  twenty-four  to  thb 
six  hours, 

(5)  Laying  the  tiaaae  iu  water  which  has  been  boiling  a  short  time  prerionaly. 
The  nnnainiug   tecbniqua  aa  in   the   ordinary   method,   but   without    contnst 

staining, 

He  nays  th«  proc«dure  is  particularly  useful  for  detecting  tubercle  ha«iUi  which 
cannot  be  demonstnite<l  by  other  means. 

(e)  Ziehl-Neelsen  Method — Carbolic  acid  is  employed  aa  iIm 
mordant  instead  of  aniline  oil.  The  stain  is  faster  than  in  the  case  of 
the  Ehrlich- Weigert  dye.  Neelsen's  process  (No.  11,  iii.  1885,  p.  200), 
which  is  a  modification  of  that  pru|>ose<l  by  Ziehl  (No.  93,  1882, 
No.  xxxiiL  and  1883,  No.  xviL)  is  the  following : — 

Fuchsin       ....  1  grm. 

Carbolic  acid        ...  5  c.c. 

Alcohol       ....  10   „ 

Distille<l  water     .  1 00    „ 

The  solution  ought  to  be  heated  in  order  to  stain  cover-glass 
tions  rapidly.     At  an  ordinary  summer  temperature,  sections  of 
•tain  in  from  live  to  ten  minutes.     They  arc  decolorised  in  2.)  ]>er  cent 
sulphuric  acid  in  water,  and  are  after»-.irds  sUuned  in  methylene  b] 
The    solution    can    be   kept   for    many    weeks    without    undergoii 
decomposition. 

The  resulting  stain  is  perhaps  more  brilliant  and  moro  pennanoat 
than  that  obtained  by  any  other  method. 
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((f)  Fiittercr's  Method  (No.  13,  cL  1885,  p.  198)  is  essentially 
a  moditicaLiun  of  Eiulich's  process  for  staining  tubercle  bacilli  in 
tissues. 

(1)  Stain  by  EhrUch's  method. 

(2)  Wash  out  in  alcohol  to  which  a  smaU  quantity  of  dilut«  nitric 
rid  has  been  added  (two  to  three  drops  in  a  watch-glass)  until  a  light 

ey  colour  has  been  obtained. 

(3)  Lay  the  section  for  a  minute  in  a  well-filtered  solution  of 
cliloride  of  palladium  (1  to  500). 

(4)  Waali  in  water. 

(5)  Place  for  a  few  minutes  in  acidulated  alcohol. 

(6)  Transfer  to  cedar  oil. 

(7)  Mount  in  Canada  balsam  dissolved  in  tui-pentine. 

Tlie  advantages  are  that  the  staining  of  the  bacilli  is  darker  than 
by  the  ordinary  method,  and  it  is  less  susceptible  to  the  decolorising 
action  of  chloroform,  ether,  alcohol,  etc. 

(e)  Gibbes*  Method. — It  is  appULidile  for  staining  the  bacillus 
either  in  sputum  or  in  a  tissue.  The  receipt  for  the  staining  solution 
i<  the  following  (No.  16,  1885,  p.  173) : — 


A.  Rosuniline  hydrochloride 
Methyl  blue 


3  grm. 


Rab  these  together  in  n  mortar. 

B.  Aniline  oil  .  .  5  c.c. 

Rectified  spirit  .       20  „ 

Dissolve  and  pour  B  drop  by  drop  into  A,  stirring  vigorously.  Then 
add  20  C.C  distilled  water  and  keep  in  a  stopper  bottle.  When  it  is 
employed  for  sputum  make  a  cover-glass  preparation,  as  afterwards 
described  (Sect.  88).  Warm  the  staining  solution,  float  the  cover-glass 
on  it  for  four  to  five  minutes,  and  wash  in  spirit  until  any  colour  ceases 
to  be  given  off.  Dry  and  mount  in  xylol  balsam.  If  the  solution  is 
not  heated,  half  an  hour  should  be  allowed  for  the  sUu'nitig.  Sections  of 
tissues  may  be  stained  by  immersing  them  in  the  warm  Kolutiou  for 
from  five  minutes  to  half  an  hour,  and  washing  out  in  si)irit  as  before. 
The  bacillus  stains  red,  and  other  bacteria  and  the  background  blue. 
The  staining  liquid  is  liable  to  decompose. 


STAINING  OF  SYPHILITIC  BACILLUS. 

85.  Lustgarten  (No.  46,  i.  1885)  stites  that  the  following  is  the 
only  procedure  by  which  ho  has  been  able  to  accomplish  it : — 

The  sections  are  to  be  placed  for  twelve  to  twenty-lour  hour.s  in  a 
mixture  of  1 1  parts  saturated  alcoholic  solution  of  gentian  violet  in 
100  parts  watery  solution  of  aniline  oil  at  an  ordinary  temperature, 
and  afterwards  for  about  two  hours  at  a  temperature  of  60". 
They  are  next  transferred  for  a  few  minutes  to  absolute  alcohol,  and 
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for  ten  seconds  to  n  1  ^  per  cent  solution  of  permanganate  of  poUuh.  aller 
which  they  are  immersed  in  strong  sulphuric  iiciil  until  the  colour 
disappears.  If  after  the  first  immersion  it  has  not  entirely  I'Anixhecl 
the  procedure  is  repeated.  The  preparation  is  subeequently  waahed 
in  water,  dehydrated,  clarified  with  oil  of  cloves,  and  mounted  ia 
l>alsam. 

STAIN  I  NO  OF  THE  PNEUMOCOCCUS. 

86.  Friedlander  (No.  11,  iii.  1885,  p.  757)  adopted  the  following 
method  of  showing  the  capsule  of  the  coccus  of  acute  pneumonia.  A 
cover-glasj)  preparation  is  made  (Sect.  88),  and  is  drawn  throe  times 
through  the  thiinc.  The  cover  is  next  placed  for  a  few  minutes  in  a 
1  ])er  cent  acetic  acid  solution.  The  superrtuoua  acetic  acid  is  then 
blown  off  by  a  ijoitited  tube,  and  the  preparation  quickly  driwl  in 
the  air.  It  is  next  placed  iu  saturated  aniline -water  gentian -violet 
solution  for  a  few  seconds,  washed  in  water,  and  examined.  The 
acetic  acid  removes  a  substance  which  is  readily  stained  by  the  gentian- 
violet,  thus  leaving  in  the  preparation  when  finished  a  pale  b«ck- 
ground  on  which  the  brightly  stained  capsules  are  readily  detected. 

WTien  the  cocci  are  lying  in  a  tissue,  he  recommends  staining  them 
for  twenty-four  hours  in  acid  gentian  -  violet  (saturated  solution  of 
gentian-violet  in  alcohol  fifty,  distilled  water  one  hundred,  and  acetic 
acid  ten),  decolorising  in  1  per  cent  acetic  acid  for  one  or  two  minuter, 
clarifying  by  alcohol,  oil  of  cloves,  etc. 


STAINING  OF  TYPHOID  BACILLUS. 

87.  Gaffky  (No.  44,  ii.  1884,  p.  378)  recommends  the  following 
procedure  : — The  organ  is  hardened  in  alcohol,  and  the  sections  fn>m 
it  are  left  in  a  du<«p  blue  fluid  made  by  pouring  saturated  solution  of 
methylene  blue  u>  alcohol  into  distilled  water.  The  fiuid  ought  to  lie 
prepared  fresh  each  time  it  is  used  They  are  afterwanls  washed  in 
distilled  water,  clariiied  in  alcohol  and  turpentine,  and  mounted  in 
Canada  balsam, 

STAINING  OF  ACTINOMYCES. 

88.  (1)  Weigert  (No.  13,  Izxxiv.  1881,  p.  285)  first  recommended 
staining  aetinomyces  with  archil  (orseille).  It  has  a  special  affinity 
for  them.  Ordinary  archil,  however,  is  seldom  pure,  and  consotjuently 
stains  some  of  the  surrounding  tissues  as  well  Israel  (No.  1 3,  cv. 
1886,  p.  169)  employs  orcein,'  which  is  said  to  be  a  chemically  pure 
substance  (C,H^NO^,X  A  saturated  solution  should  be  made  so  as  to 
ovomlain  the  preparation.    The  latter  is  washed  down  to  the  neoesaarj 

'  Til*  iiarticular  orcein  he  iue»  U  obtained  from  the  mannfactory  of  Dr.  TlM>rt!nr 
Scbarlunlt  nt  0<>rlitt. 


CKAF.  vnr 


STAINING  OF  BACTERIA 


139 


colour  with  alcohol,  care  being  taken  not  to  Acash  oat  too  much.     It 
stains  the  organism  of  a  Bordeaux-red  colour. 

(2)  An  excellent  method  will  be  found  to  be  the  following: — Stsin 
the  sections  in  Ziehl-Neelsen's  solution  of  fuchsin  (Sect  84).  Wash  in 
water,  and  then  decolorise  in  saturated  alcoholic  solution  of  picric  acid. 
When  the  red  colour  haa  almost  entirely  left  the  section,  place  the  latt«r 
in  a  large  vessel  of  water  and  leave  it  there  for  twenty-four  hours,  the 
water  being  frequently  changed.  Pass  it  through  spirit,  oil  of  cloves, 
and  xylol,  and  Anally  mouut  in  gum  dammar  dissolved  in  xylol.  The 
octinomyces  stain  deep  red  on  a  yellow  background. 

PREPARATION  OF  TISSUES  AND  LIQUIDS  CONTAINING 
ORGANISMS  FOR  STAINING. 

When  Lying  in  a  Tissue. — Harden  in  alcohol,  soak  in  "  A  "  or 
"  B  "  fi-eezing  rtuid  after  removal  of  the  alcohol  by  water,  and  cut  in 
the  freezing  microtome.  If  the  tissue  is  very  delicate  or  porous,  as  in 
the  case  of  the  lung,  it  may  he  embedded  in  celloidin. 

A  cover-slip  preparation  of  the  organisms  in  a  tissne  may  be 
mado  by  gently  rubbing  u  small  fragment  of  tissue  while  fresh  over  the 
cover-slip  and  dryinrj.     Some  of  the  organisms  will  be  found  to  adhere. 

When  contained  in  a  Liquid. — Place  a  fraction  of  a  drop  of 
distilled  water  on  a  cover-slip,  mix  a  little  of  the  liqiiid  with  it,  as 
uniformly  as  (vissililc,  ami  keep  rubbing  and  mixing  with  an  ose  until 
quite  dry.  Pass  the  cover  three  times  over  the  damo  of  a  Sunsen 
lamp  immediately  before  sLiining. 

Vov  further  particulars  see  Sect.  81. 

Phthisical  Sputum. — It  should  be  treated  very  much  as  when 
contained  in  an  ordinary  liquid.  The  tubercle  bacillus  is  sometimes 
aniformly  scattered  through  the  sputum.  More  often,  however,  it  is 
concentrated  in  the  little  cheesy  masses  detached  from  a  cavity. 
These  should,  accordingly,  be  sought  for  and  rubbed  over  the  cover- 
8li|>. 

ilMkods  (^Staining  Atctorio.— Babes :  Arch.  f.  imth.  An»t,  cr.  1886,  p.  511. 
Benaann  (Mcthol  of  Staining  Tubercle  Bacillus) :  Mc<l.  News,  Phila.,  xliiL  1SS3,  p. 
r>93.  Bujwid  {irKiMiuil  Reaction  of  Cholera  Bacilli) :  Z«itschr.  f.  Bygiene,  ii.  1887,  p. 
tt2.  BiuTill  iMc-thi^l  uf  Suining  Tnbercle  BadUnn) :  N.  Y.  Med.  Rec.,  xxiv.  1883,  p. 
621.  Chejne  (Metho<ls  for  Biicterial  :  Brit.  Med.  J.,  1884,  iL  p.  4S7  ;  Prsctitioner, 
u».  ]f<&3.  p.  211.  Gibbes :  Brit  Med.  J.,  1882.  ii.  p.  73.1.  Gottstein  (Influence  of 
Fat  on  Staining) :  ForUchr.  d.  Med.,  ir.  1886,  p.  252.  Gram  (Staining  ofSchizomycetes)  : 
rortaebr.  d.  Med.,  ii.  1884,  p.  185.  Giinther  (Suiiiitig  of  Recurreni  Spirilla  in 
Blood):  fortitchr.  d.  Med.,  iii.  1885,  p.  7u5.  FriedliLnder  (Stuining  of  Capsule 
Coecns)  :  Fortschr.  <1.  Med.,  iii.  1886,  p.  767.  Petri  (Staining  of  Tubercle  Bacillua)  : 
BirL  kljn.  Wochnechr.,  ix.  18S3,  p.  739.  Vig:t>al  (Tubenle  Bftdlliis)  :  Compt.  rend. 
Soe.  (U  Biol.',  ir.  1683,  p.  343.     Weig^ert :  Aich.  f.  path.  Anat.,  Uxziv.  1881,  p.  275. 


Inoculation  or  ANiMALa 

89.  The   mouse,  rabbit,   and  guinea-pig  are  all  suitable  for  the 
The  inoculation  in  some  cases  (anthrax)  can  be  made  on  a 


140 


PRACTICAL  BAGTERIOLOQY 


TJLXt  I 


mere  scratch  of  the  skin,  the  ear,  more  especially  in  rabbits,  being  a 
convenient  site.     If  the  medium  of  inoculation  be  solid  (tubercle)  a 


Fio.  51.— KocB'i  Svact-TAinov*  luncttott  STBtirai. 


little  pocket  of  skin  may  be  made  at  the  root  of  the  tail,  and  a  portion 
of  the  virus  inserted  within  it  on  an  ose.  In  other  cases  it  may  be 
necessary  to  introduce  the  vinu  by  means  of  a  sterile  finely-pointed 
syringe. 


CHAPTEE  IX 
PRACTICAL  BACTERIOLOGY— (Co7i<inM«i) 

Attenuation  of  Pathogenic  Microbes. 

do.  The  fact  that  a  disease  microbe  can  exist  in  difTtM^ent  states  of 
virulency,  and  that  when  bo  attenuated  may  still  act  as  a  vaccin«,  was 
first  demonstrated  by  Pasteur  on  the  micro-organism  of  fowl  cliolera. 
Since  then,  several  other  pathogenic  microbes  have  been  tlie  subject  of 
experiment,  more  especially  anthrax,  Ixtth  at  Pasteur's  and  at  other 
hands.  The  result  has  been  to  show  that  the  virulent  properties  of 
Uiese  bodies  may  be  modified  by  various  means  other  ihiin  that  devised 
by  Pasteur  and  still  retain  their  power  of  conferring  immunity  from  a 
future  attack  of  the  disease. 

PASTEUieS  ORIGINAL  METHOD. 

91.  In  a  note  to  the  French  Academy  of  Medicine,  published  in 
the  BuUetin  dt  VAmd.  de  Mt'd.  of  Oct.  26,  1880,'  Pasteur  described 
how  the  virus  of  fowl  cholera  can  be  attenuated  by  long  exposure  to 
air.  The  most  virulent  form  of  poison,  that  taken  I'rum  an  animal 
just  dead  of  the  chronic  variety  of  disease,  is  cultivated  on  chicken 
bouillon  for  three,  four,  five,  or  eight  months  or  more.  By  this  time 
the  virus  becomes  so  diluted  that  perhaps  only  one  in  ten  animals  dies 
after  being  inoculated.  A  stage  is  at  length  reacheil  in  which  the 
virua  does  not  kill,  but  nevertheless  acts  as  a  vaccine.  When  the 
flasks  containing  the  culture  are  sealed  up  with  a  limited  amount  of 
air,  it  is  found  that  time  does  not  have  the  same  attenuating  inttucnce 
aa  when  the  culture  is  freely  exposed  to  atmospheric  oxygen.  Pasteur, 
therefore,  regarded  the  cause  of  the  attenuation  as  being  the  prolonged 
contact  with  oxygen. 

He  afterwards  foiind  that  anthrax  similarly  cultivated  at  a  tem- 
perature between  4ii^  and  43°  C.  daily  loses  part  of  its  virulence,  until, 
by  the  ninth  day,  it  becomes  inert.  The  inuculalion  of  sheep  with 
»  See  also  No.  40,  xci.  1880,  ji.  «73. 
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Attenuated  anthrax,  he  asserted,  nevertheless  secures  thorn  agunit  the 
attacks  of  the  organism  in  its  full  virulence,  that  is  to  say,  it  acU  as  a 
true  vaccine.  Fresh  cultivations  can  be  made  at  different  stage*  of 
attenuation  and  \»  retained  in  tlicse  states. 

He  Aupposod  that  here,  as  in  the  case  of  the  fowl  cholerBi  the  at> 
mospheric  oxygen  wivs  tho  attenuating  agent. 

AlHJut  the  time  tliat  Pasteur  was  conducting  his  rcM>nrrhe«  in 
Fi'ance,  Greenfield  (No.  3G2,  xvi.  pt.  i.  A{».  1880  ;  and  IbuL,  xvM  pt. 
i. ;  also, 'So.  149,  June  17,  1880;  n/jw,  Na  59,  Dec.  18,  ls<80,  and 
Jan.  1,  1881  ;  also.  No.  G,  Dec.  and  Jon.  1880-81),  in  this  country,  em- 
ploying the  same  method  of  attenuation  for  anthrax  as  that  used  by 
Pasteur  for  fowl  cholera,  discovered  that  anthrax  taken  from  the 
guinea-pig  was  so  nicKliiied  in  its  action  hy  repeated  cultivation  as  to 
become,  in  course  of  time,  totally  inert,  and  that  each  sucoeasiTe 
generation  was  feebler  tlian  tliat  preceding  it 

Koch,  Gaffky,  and  Looffler  (No.  44,  1884,  ii.  p.  147)  reiM-ateil 
Pasteur's  ex[)erimeuts  with  bis  own  vaccine,  and  with  anthrax  atten- 
uated by  themselves.  They  found  that  anthrax  attenuated  at  42*6' C. 
is  still  sufficiently  strong  to  kill  mice  after  twenty  days  cultivation 
(mouse  anthrax),  but  had  little  eifect  upon  guinea-pigs  and  sheep. 
After  twelve  days  culture  it  will  still  kill  guinea-pigs  but  not  sheep. 
It  proves  fatal  to  sheep  up  to  six  days  of  cultivation.  They  were  thus 
able  to  procure  anthrax  with  different  physiological  intensities,  although 
the  bacilli  presented  the  shar|>ly-cut  extremities,  and  elongated  into 
threads  containing  spores  as  in  the  normal  condition  of  the  paroaite. 

They,  however,  regarded  the  temperature  at  which  it  is  cultivaCe<l 
as  tlie  attenuating  agent,  not  the  cont&ct  with  oxygen  as  Pasteur  had 
Bupposed.  They  found,  for  instance,  that  between  the  upper  and 
lower  parts  of  the  incubator  they  used,  there  was  a  difference  of  almost 
a  degree,  and  that  this  was  sufficient  to  occasion  tho  greatest  uncer- 
tainty in  the  attenuation  of  different  flasks  placed  within  it. 

They  were  successful,  as  Pasteur  had  been,  in  rendering  sheep  in- 
sensitive  in  mo.st  cases  to  the  effects  of  the  organism,  but  found  that 
tho  proce<hire  did  not  succeed  in  every  case  ({).  165)  when  a  very 
strong  anthnix  wxs  reinmrulatetl. 

92.  Pasteur's  system  of  inoculation  for  anthrax,  as  practised 
in  Franco  at  the  present  day,  consists  in  employing  two  strengths  of 
attenuated  virus  (/«  premier  and  h  dtuxiime  vacdn).  The  former  will 
not  kill  rabbits  or  guinea-pigs,  but  is  fatal  to  mice,  and  is  obtained  by 
cultivating  for  fifteen  to  twenty  days  at  a  tero|)emture  between  42°^  and 
43°  C.  Tho  latter  is  obtained  after  cultivating  for  ten  to  twelve  days. 
It  is  consequently  more  fioworful.  An  interval  of  from  twelve  to 
tiftecn  days  is  allowed  to  elajtsc  l>ctween  the  two  inoculations. 

The  atloption  of  this  means  of  protecting  animals  from  the  niTicM ' 
of  anthrax  is  said  to  have  Iwen  attended,  in  France  and  elsewhere,  by 
an  enormous  decrease  in  the  mortality  from  this  diseaae.     Whether  it 
is  a  means  of  protecting  the  animal  in  all  cases,  and  for  all  time. 
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agninst  anthrax  may  1)«  disputed,  and  is  denied  by  many.  It  very 
likely  does  not  do  so  in  all  instances,  no  nioro  than  an  attack  of  small- 
jiox  confers  a  perfect  immunity  from  a  future  attack.  If,  however,  it 
ronders  sheep  aiid  other  domestic  animals  less  liable  to  be  again  attacked, 
uid  if  when  attacked  they  take  the  disease  in  a  viilder  fonn,  a  very 
great  object  has  been  gained.  This,  so  far  a«  one  cnn  judge,  has  been 
accomplished.' 

SANDERSON'S  METHOD. 

93.  Another  expedient  for  furnishing  a  vaccine  against  anthrax 
was  suggested  by  Sanderson  and  carried  to  experimental  proof  by 
Dngiud  (No.  362,  xvi  1880,  pt.  1,  p.  267).  It  was  based  on  the  fact  that 
anthrax  loses  much  of  its  virulence  when  passed  through  the  system 
of  a  rodent  (guinea-pig),  so  that  when  introduced  into  that  of  an  ox 
it  might  be  supjwsed  to  communicate  the  disease  in  a  mi!d  form,  but 
yet  ensure  against  a  future  attack. 

Grvenfiold  (No.  362,  xvi.  1880,  pt.  1,  p.  273j  found  that  the  blooil  of  tlie  guinca- 
Y'lg  airect«d  with  anrhrax,  inoculated  into  tho  ox,  iiiduceti  anthrax  ferer,  bat  almost 
klmya  without  a  lethnl  result 

Pa«teur  and  Thuilli«r'a  researches  on  rouget  des  pores  point  to  the  fact  {No,  40, 
xcrii.  IS88,  p.  n6&)  that  whcu  the  miiTolKj  of  this  disvose  is  inoculated  on  a  series 
of  pigeoius,  it  prugrvssivuly  becomes  more  virulent  for  the  pig,  but  when  passed 
IhronKh  the  systems  of  a  series  of  rabbits  there  arrives  a  time  whou  the  ]M>isou 
nprodqeca  the  disease  in  pigs  in  a  very  luild  fonn,  but  renders  them  proof  against 
th*  usdlluted  poison. 

Pooptniier  (No.  40,  ci.  1885,  p.  863  ;  IbUl.,  dr.  1887,  l>.  703)  aaserU  that  sheep- 
pox  virus  can  be  attenuated  by  inoculating  it  on  subjects  having  had  variola,  or  whiclt 
lur«  beeu  vaccinated  at  a  former  period  (at  least  three  years). 

ATTENUATION  BY   HEAT. 

94.  Tousaaint  (No.  40,  xci.  1880,  p.  135  ;  IhuL  note  p.  303)  made 
tho  discovery  tliat  anthrax,  when  rapidly  heated  u]>  to  a  certain  tem- 
perature, loses  much  of  its  virulence  and  can  bo  utilised  as  a  vaccine. 

Chauveau  (No.  40,  xciv.  1882,  p.  1694)  took  up  the  subject  and 
showed  what  the  range  of  temperature  is  at  which  this  attenuation 
takes  place.     It  is  pretty  wide,  and  can  be  modified  according  to  the 

'  Pasteur's  first  experiments  on  a  large  scale  were  carried  out  in  the  year  1881  at 
Ponill.v-le-Fort.  In  a  recent  letter  to  the  author  on  the  subject  of  the  efficacy  of  his 
aMthod  of  vaccination,  he  writes : — 

**  iJbuble  vaccination  Li  alwayn  employed.  It  confers  a  complete  immunity.  The 
SoLJMty  of  A|i;riculture  of  Meluu,  which  previously  mode  the  famous  experiment  at 
PooUly-le-Fort,  luu  quite  recently  repeated  it.  Twtiity  sheep  were  divided  into  lots  of 
tM  esrh.  The  sheep  in  one  of  these  lota  were  inoculated  with  the  double  vaccine. 
Th*  whole  tweuty  sheep  were  afterwards  inoculated  with  virulent  anthrax.  The 
vaccinat«d  lot  reiisted  completely,  while,  of  the  unvaccinated,  seven  died,  and  the  three 
others  tumol  very  ill. 

"TImi  immunity  conferred  by  the  double  vaccination  does  not  last  indefloitely,  but 
■  iiflicieiiUy  long  for  practical  pur^ioses,  and  for  the  usages  of  commerce." 
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The   foUowiag  are   particulftn  of   bis 


time  the  viras  is  exposed, 
methods : — 

Chauveaa's  First  Obserrations.— The  bluo<l  of  a  guine*-|ng  IdocuUkmI  with 
virulent  anthrax  for  thirty-six  to  forty-eight  hours  ii  received  in  itoaII  pipette*. 
After  it  ban  coagulated,  the  clot  ia  brokan  up  so  as  to  allow  the  aenini  to  exude,  and 
the  ends  of  the  pipette*  coutaining  the  blood  are  inaerted  in  water  heated  to  th« 
neceaaary  temperaturn.  The  blood  must  not  be  exposed  in  large  mass,  otberwiae  it 
twcomea  unequaJly  heated. 

An  expocurv  of  the  blood  for  nine  to  ten  minutes  at  -«-  55*  C.  suffices  to  kUl  the 
bacilli,  but  if  it  is  exposed  for  eight,  seven,  six,  or  five  minutes,  the  bacilli  may  b« 
retained  living  and  de|irived  of  their  virulence.  This,  however,  is  never  ao  certain 
a  procedare  as  when  a  lower  temperature  is  employed. 

At  a  temperature  of  +52*0.  an  exposure  of  fifteen  to  sixteen  minutes  will 
deatroy  their  vitA)ity.  By  an  exjiosure  for  fourteen  minutes  it  retains  its  vitality-, 
and  an  extremely  attenuated  vaccine  is  obtained.  The  less  the  time  of  azpom^ 
the  lesa  is  the  corresponding  attenuation. 

With  a  temperature  of  -t-  50*  C.  it  require*  twenty  minutes  to  destroy  the  vitality 
of  the  WilluB.  The  beat  of  all  vaccines  is  obtained  by  emplojring  this  temperatara 
for  eighteen  minutes.  An  exposure  for  ten  minutes  remlen  tlie  attenuation  tvidaal^ 
but  is  not  sutBcient  to  ensure  the  employment  of  the  vaccine  with  safety. 

A  first  inocnUtiou  with  a  weak  vaccine  (blood  boated  to  +50*  for  fift«ea 
miiiiites),  and  a  second  inoculation  after  an  interval  of  from  ten  to  fifteen  daya 
with  a  stronger  vaccine  (blood  heated  for  eight  to  ten  minutes),  preserve  sheep  from 
th«  ^IT^K;t«  of  the  most  powerful  virua* 

The  ultcniution  of  the  vims  is  accompanied  by  a  corresponding  diminution  in 
the  rapidity  of  the  proliferation  of  the  bacillua 

lie  holds  that  virus  attenuated  by  this  mean*  ia  u  eftctire  a  vaccin*  u  that 
prc|>ared  by  Poiiteur'k  method. 

Fur  the  atttnuation  of  anthrax  spores  a  much  higher  temperature  is  nrimaatlj 
(  +  80*  C.).' 

Chauveau's  Later  Method.— The  method  be  adopted  later  on  for  the  attenua- 
tion of  anthrax,  aa  luuimarised  in  a  communication  to  the  Academy  of  Sciences  (No. 
40,  tcvii  lgS3,  ]i.  1397)  is  hriefiy  as  follows.     Two  liquids  are  used. 

Preparation  of  Liqtiid  No.  i.— (1)  Inoculate  chicken  broth  with  a  drop  of  freak 
anthrax  blocMl  ;  (2)  Cultivate  the  virtu  as  a  fragmented  mycelium  devoid  of  sporea 
at  a  conHtant  tem|ienitun<  of  +43*  C.  ;  (3)  Heat  the  culture  for  three  hours  st  a 
temperature  of  47*  C.  to  attcnuat«  the  mycelium.  A  number  of  other  cultures  are 
then  maile  fconi  )t  uhi<'h  ate  utilised  for  pt«ventive  inocolation  purposes. 

Preparation  of  Liquid  No.  a.— <I)  inoculate  fresh  broth  with  one  or  two 
drx<[ia  of  the  above  attenuated  culture  ;  (2)  cultivalo  this  for  five  to  seven  daya  at  a 
tt-iu|H>raturr  of  85*  to  37*  C  in  order  to  develop  a  mycelium  and  spores  alrcadj 
nttriiuatetl  ;  (3)  heat  at  SO*  C.  for  one  hour  tn  coinpletv  the  attenuation. 

Ruth  of  these  liquids  are  utilised  in  the  inoculation  of  sheep  (No.  40,  zcviL 
18S3,  p.  1242).  He  employs  them  for  a  double  vaccination  in  the  same  nunner  as 
Pasteur  does  hi*  prnnier  snd  doaiime  vacrin  (see  p.  142).  That  which  is  attenuated 
at  SO*  ia  uaetl  aa  the  prtmitr  tacein-,  and  that  which  is  attenuated  at  a  lover  tem- 
perature aa  the  dnusJnu. 

The  succoa  attanding  the  prooedore,  be  mj%,  has  been  ao  complete  as  to  rcnd«,j 
sheep  completely  refractory  to  repaatsd  inoculations  of  the  moat  Wruleut  anthrax. 
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It  should  be  not«d  tlut  tkv  virus  attenuated  at  a  low  temperature  apparently 
Vl3u*  longer  to  regkiu  its  rirulent  properties  than  one  which  has  been  attenuated  at 
•  tampentiire  comapoDdingly  high. 

Attenuation  by  Compressed  Oxygen. 

95.  Paul  Bert  showed  that  oxygen  under  a  pressure  of  from  20 
to  40  atra.  exerts  a  fatal  induence  upon  the  bacilhis  of  anthrax. 

Wosnessensld  (No.  40,  xcriii.  1SS4,  p.  S14)  rnnceivcd  the  idea  that  if  a  minor 

amount  of  preMore  were  exerted,  tlie  bacillus  might  become  loss  vinilcut  witliout 

being  deatroyed.     He  found  that  wht-n  anthrax  bacillus  is  cultivated  in  a  thin  layer 

I  of  bouiilm  at  a  temperature  of  from  42"  to  43°  C,  and  under  a  ]ires3urc  of /mm  4  to  6 

mtmk.,  it  id  rendered  inert,  but  i.'i  not  deprived  of  its  vitality.     So  attenuated  docs  it 

that  it  will  not  kill  even  a  guinea-pig.     He  further  alleges  that  fuat  has  not 

I  <lw  Mine  attenuating  effect  when  the  organism  is  subjected  to  a  pressure  of  20  atm. 

Chanreao  (Ko.  40,  xcviii.   1884,  p.  1232),  under  whose  sujierintendcnco  they 

wrre  oornmenrml,  continued  these  researches,  finding  that  anthrax  virus  attenuated 

br  oxygen  compresMd  to  a  degree  insutiicient  to  destroy  its  vitality,  oots  as  a  vaccine 

for  ahccp.     It  can  be  afterwards  cultivated  in  its  attenuated  condition  under  normal 

\  pT— lire  and  at  a  temperature  of  +  36°  to  +  87°  C.    The  exact  degree  of  pressure  uecca- 

mrj  to  eiTect  the  attenuation  had  not  been  accunitely  ascertained  nt  that  time. 

la  a  later  communication  (No.  40,  ci.  ISSii,  p.  45)  he  gives  the  re.sults  of  the  use  of 

satiirax  attenuated  by  compressed  oxygen.     He  judges  of  the  strength  of  virus  neces- 

to  inoculate  the  sheep,  ox,  or  horse  by  its  effect  on  the  guinea-pig.     The  guinea- 

>  being  so  much  more  susceptible  to  anthrax  than  these  aninuls,  it  follows  that  a 

^TMsdne  which  will  not  prove  fatal  to  it,  or  which  will  (irove  fatal  only  in  a  ftw  cases, 

UAjr  ba  employed  with  impunity  in  them. 

He  ha*  inoculated  large  flocks  of  sheep  in  districts  in  which  anthrax  has  broken 
out  iu  a  virulent  fonu,  and  has  cut  the  epidemic  short  with  almost  incredible 
impidity.  The  dose  for  a  sheep  is  one  di'op,  inoculatetl  on  the  ear  or  tail,  and  one  to 
two  drops  for  the  ox  or  horse.  A  single  inoculation  is  sufficient.  The  virtu  retains 
ita  efficacy  even  after  six  months'  time. 

He  regards  the  change  undergone  by  the  bacillus  as  of  the  nature  of  a  degenera- 
tioD  susceptible  of  being  transmitted  hereditarily,  and  with  a  tendency  to  revert  to 
til*  original  type  (No.  40,  a.  1885,  p.  142). 

Attenuation  by  Chemical  Reagents. 

96.  It  has  been  alleged  by  Toussaint,  and  Chamberland  and  Roux, 
thAt  the  pathogenic  effects  of  anthrax  and  other  \-inilent  organisms 
become  attenuated  when  the  organisms  are  retained  in  contact  with 
dilute  carbolic  acid  for  twenty-four  days  at  35"  C.  Chromic  and 
BuJphuric  acids  have  been  held  to  po&sess  similar  properties. 

Klein  (No.  IGl,  1886,  p.  441)  ha."?  endeavoured  to  attenuate 
aiitlinuc  by  growing  it  on  nutriiire  gelatine  medicalexl  with  1  to  40,000 
eomtite  subiimatt.  Tlie  bacilhis  grew  luxuriantly  and  was  barren  of 
•II  viralence,  but  this  held  good  only  so  long  as  it  was  cultivated  on 
the  medicated  gelatine     It  was  morphologically  unaltered, 

The  bacilli  of  swine  fever  and  of  septicemia  of  the  mouse  were 
unaltered  in  their  virulence  by  this  method  of  treatment. 
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Arloing  (Xo.  4,  vii.  1886,  p.  209)  states  tliat  anthrax  exposed  to 
a  bright  sunlight  in  a  liquid  medium  gradually  loses  its  poisonous 
qualities. 

LitenUure  on  AtUnuation  of  Virus. — Bouchardat  (Principal  Modes  of  Att«Diutili( 
Viras) :  Rev.  Scient,  1881.  iL  p.  458.  Cbamberland :  Le  charboa  et  U  TBOdBAtto* 
charbonoeuM  <!'  aprti  let  rioenti  tnTeaaz  de  M.  PMtour,  1883.  Ctuuveau  (AtUnoa- 
tion  of  Charbon  by  Hmt) :  Compt.  rend.  Acad.  d.  Se.,  xciv.  1882,  ]>.  1i;94  ;  nUn,  IhttL, 
xcTii.  18SS,  p.  1307  ;  also.  Vet  J.  and  Ann.  Conip.  Path.,  xvii.  18.S3,  p.  855;  obo^ 
PlTMae  vet.,  Iv.  1884,  p.  81  ;  iUto,  RccherchM  sur  lApplication  dc  ratt«&ttation  d«  Vlntt 
par  la  Cbalcnr,  etc,  1884 ;  aiio  (Method  of  Inoculating  Sheep),  Compl.  rood.  Acad.  d.  So., 
xcriL  1883,  p.  1242  ;  aUo  (Attennation  of  Anthrax  by  Compraued  Oxygvn),  Compt.  rvnd. 
Acad.  d.  8c,  xcTiiL  1884.  p.  1232  ;  nUo,  Her.  Scient,  x.  1885,  p.  614  ;  Ker.  de  Hid.. 
viL  1887,  p.  177.  Comevin  :  Premiere  ^tude  sor  U  Rongct  du  Pore,  1886.  Green- 
field (Ajithraz):  Joiiru.  R.  AgricnltunU  Soc,  xvi.  1880,  pt.  i.  p.  273.  Koch, 
Gaffky,  and  Loeffler  (Anthrax):  Mittheil.  a.  d.  k.  Gcrandheitaamta,  it.  1884,  p.  147. 
Ldffler  (QutvitinD  of  Immunity),  Mittheil.  a.  tL  k.  Ocanndheitaamte,  L  1881,  p.  134  : 
alfj  ("  Kothkaf  "  of  Pigs),  Arbeit«n  a.  d.  k.  Geaandheitnainte,  1.  1886,  p.  46.  Lydtin 
and  SchotteUns :  Der  Rothlanf  d.  Bchweine,  1885.  Pasteur  (Chicken  Cholera) : 
CoQipl.  ivnil.  Acad.  d.  Sc,  xcL  1880,  p.  078  ;  ai»o,  Sur  U  ChoK-ni  de  Poulen,  etc  ;  aUe 
(Attennation  of  Vims),  ReT.  Sclent.,  iv.  1882,  p.  363  ;  aUo,  Med.  Times  and  Gaz.,  IMO^ 
11.  p.  572  ;  aUo  (Charbon  Vactination,  etc.)  Bull.  Acad,  de  Med.,  xii.  1883,  p.  586  ;  alto 
(Reply  to   Koch),  Rev.  Scientiflquv,   xxxi.    1883,   p.   74.      Pasteur  and  TliaiQiar 

g'a<-cinntion  for  Rouget  de*   Porci) :  Compt.  rend.    Acad.  d.  Sc,  xcriL  1S83,  p.  11M> 
OUTOttier  (New  HeUiod  of  Attenuating  the  Vim  of  Variola  Ovina)  :  Coir"'    '-•■'"< 
Aead.d.  Be,  ci.  1886,  p.  863  ;  Ibid.. ci\.  1887,  p.  703.     Salmon  (Attenuatiot. 
K.Y.Med.  Kec,  xxii.  1883,  p.  870.     Sanderson  (Anthrax) :  Joam.  R.  A).i 
Soc,  xvL  1880,  pL   i.   p.  267.      Schutz   ("Rothluaf"  of  Pigs):    ArbeiUn  a.   J.   k. 
<3«»undhcit(anitcv  i.  1885,  p.   56.     Ziegenhom  (Attennation  of  Pathogenic  Fnagi): 
Aroh.  f.  ezp.  Path.  a.  Phanuakol,  xxi.  1886,  p.  249. 

Attenuation  of  Pathogenic  Moulds, 

97.  Ziegenhorn  (Na  104,  xxi.  1886,  p.  249)  has  attempted,  bat 
without  success,  to  attenuate  pathogenic  moulds  such  as  AspergiUvt 
fumigatut  and  Mueor  rhiz(ypodifonnu.  Fraenkel  (No.  93,  1885, 
p.  646)  believes  that  the  moulds  differ  from  the  cleft  fungi  in 
so  far  as  their  ])athogonic  properties  appear  to  be  incapable  of 
modification 


ISIMCNITY   FROM   CONTAGIOUS   Dt-SEASK. 

96.  Natural  Immunity. — Certain  animals  arc  naturally  protected 
from  the  ravages  of  8omc  of  the  njost  virulent  contagia.  Thus 
Algerian  (htfp  are  persistently  refractory  to  anthrax  when  inoculated  in 
the  usual  way.  Di)g$  and  rats  are  with  difficulty  inoculated,  and  birds 
an  almost  completely  exempt 

Ag^e  appears  to  exert  considerable  influence  on  the  susceptibility 
to  inoculation.  Yoimg  animals,  as  a  rule,  are  more  readily  inoculated 
than  old. 

The  dose  of  the  poison  is  also  a  most  important  consideration. 
Cbauveau  (Na  40,  Ixxxix.   1879,  p.  496)  discoTered  that  although 
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Algerian  sheep  are  refractory  to  anthrax  inoculated  through  a  scratch 
in  the  skin,  yet  that  they  fall  victims  to  the  disease  when  the  quantity 
injected  ia  increased.  The  same  appears  to  hold  good  for  many  other 
organisms.  As  Cheyne  expresses  it  (No.  6,  1886,  ii.  p.  206),  the 
'  paihogcnic  dose  of  a  virus  varies  inversely  with  the  predisposition  of 
the  animal  to  the  disea.se  in  question. 

Tlie  particular  time  at  which  the  inoculation  is  made  also  exerts 
considerable  influence  ujwn  the  success  of  tlie  procedure.  Rats  are 
mora  sensitive  to  anthrax  on  some  days  than  on  others. 

The  normal  temperature  of  the  animal  would  appear  to  be  the 
of  failure  to  inoculate  in  some  cases.  Pasteur  states  (No.  153, 
1878,  pp.  253,  737  ;  Ibul.,  1879,  p.  1222)  that  a  fmol,  whose  normal 
temperature  is  42°  C,  if  imxiulated  with  anthrax  and  kept  submerged 
in  water  at  25°  C,  dies  in  from  thirty  to  forty  hours  of  anthrax,  its 
blood  teeming  with  the  bacillus. 

The  ptomaines  and  aromatic  products  secreted  by  pathogenic 
lisms  appear  to  exert  in  many  instances  u  suicidal  effect  upon  the 
lisms  themselves.  Thus  Wemich  (No.  13,  Ixxviii  1879,  p.  5\) 
includes  that  so  far  at  lea£t  as  regards  the  organisms  of  ]nitrefying 
mueley  the  aromatic  sulistances  secreted  by  them  reflect  a  deadly 
infltMDce  upon  the  organisms  themselves.  The  introduction  of  small 
qnantities  of  these  poisons  into  culture  media  prevents  the  growth  of 
hacteriA  similar  to  those  which  have  generated  them. 

f]!arte/ic  acid  is  among  the  poisonous  substances  resulting  from 
p  '  ion  (Baumann,  No.  187,  i.  1877-78,  p.  60).  It  has  long  been 
I  <1  (Hoppe-Seyler,  No.   169,  v.    p.  470)   as  a  constituent  of 

healthy  urine,  and  was  supposed  by  Baumann  {loc,  cit.,  p.  61)  to  result 
from  putrefaction  in  the  intestinal  canal,  and  to  be  subsequently 
absorbed  into  the  circulation. 

ladot  and  skalol  are  also  developed  during  putrefaction,  but  have 
little  deleterious  effect  on  anthrax  spores  (Koch,  No.  44,  L  1881, 
p.  267). 

It  has  been  asserted  that  the  principle  underlying  Pasteur's 
treatment  of  rabies  is  that  a  pomnmis  ptomaine  or  other  allied 
product  is  generated  in  the  spinal  cord  of  the  rabbit,  which,  when 
injected  in  quantity  during  the  stage  of  incubation,  prohibits  the 
growth  of  the  supposed  germ  of  the  disease. 

Why  it  is,  however,  that  a  single    attack  of  syphilis,  small -pox, 
ithrax,  etc.,  so  often  confers  immunity  on  the  individual  for  the 
:ider  of  a  lifetime  is  as  yet  unexplained. 


DiaiNFEOTIOX. 

(1)  OF  THE  BLOOD. 

99.   When  a  pathogenic  micro-parasite  has  once  taken  hold  of  the 
cistern  there  is  Uttle  endence  to  show  that  disinfectants  arc  of  much 
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use  in  destroying  it     Probably  the  nearest  approach  to  anything  o£ 

the  kind  ip  the  action  of  quininr  in  a(pie  and  iodide  of  potat$hm  bt 

chronic  infphUui.      But  how  these  drugs  act  is  as  yet  far  from  bwig 
understood. 

Koch  (No.  44,  i.  1881,  p.  272)  stttra  thai  quinine  bindera  the  deTelopawnt  of 
•othrax  b«cllli  wbon  in  tolntion  1  to  830,  »at\  eomplctely  prereut*  it  when  io  tbtpr»- 
[tortion  ofl  to  626.  Moczutkomiky  (No.  63,  1870,  No.  I.,  quoted  by  Koch)  ealenktod 
tliat  12  to  16  gnu.  would  benecesmry  to  dcatroy  thc<  spiroehrta  in  the  htood  otm 
[latient  suffering  from  rvlapging  fever.  Iodine  begiiw  to  interfere  with  th«  growth 
of  uithntx  badlii  when  in  solution  1  to  5000.  To  »ct,  tliereforc.  ••  *  germicide  in 
the  blood  of  a  person  niflrering  from  anthrax,  it  would  require  to  be  praeent  to  tlia 
extent  of  aomcthing  like  12  gnnB.  of  iodine,  which,  of  coune,  ia  an  impoaaibfli^  . 
(Koob,  No.  44,  i.  1881,  i>.  208). 

Attempts  have  been  made  to  render  animals  refractory  to  antbimz 
by  drugging  them  with  corrosive  sublimate.  Koch  (No.  44,  I  1881. 
p.  280)  met  with  no  success,  hut  re^rds  the  matter  as  not  yet  worked 
out.  Cash  (No.  161,  1884,  p.  200)  found  that  anthrax  bodlli 
developed  in  the  blood  but  in  small  quantity. 

Sodium  suipho-carbolate  ha.s  been  administered  by  Brakeo- 
ridgo  as  a  prophylactic  tu  individuals  exposed  to  the  infection  ct 
tearUl  ferer  (No.  185,  187c'>,  ii.  p.  92).  He  affirms  that  signal  suocea*  j 
attended  its  a«lministmtion,  although  of  course  there  are  8elf-e%'ident 
ditlicultics  in  the  way  of  drawing  conclusions  from  such  experiments. 
Sansom  (No.  364,  p.  330)  found  that  patients  could  readily  stand 
twenty  to  sixty  grain  doses.  The  breath  assumes  a  distinct 
carbolic  acid  odour,  the  salt  being  evidently  decomposed  in  the  blood 
or  tissues. 

It«  powers  as  an  antiseptic,  according  to  Klein  (No.  161,  1884, 
p.  189),  arc  feeble.  Solutions  of  10,  5,  2,  or  1  per  cent,  have  no  eCfect 
in  destroying  anthrax  bacilli.  Phenyl  -  propionate  of  soda, 
according  to  the  same  authority,  is  more  powerful 

Cash  (No.  161,  1884,  p.  193)  found  sodium  sulpho-carbokte  to  be 
inert  as  a  prophylactic  against  tuberculosis  in  guinea-pigs. 


(2)  OUTSIDE  THE  BODY. 

100.  Method  of  Experiment — The  efficacy  of  a  disinfectant  or 
rather  a  germicide,  as  Koch  remarks,  must  l)e  tested  by  ( I )  iti^  action 
upon  the  organism  when  eiwring ;  (2)  by  it«  action  when  not  sporing  ; 
(3)  by  ita  power  of  preventing  the  growth  of  the  organism  in  nutritiro 
fluids  (No.  44,  i.  1881,  p.  245). 

A  disinfectant  which  will  destroy  anthrax  in  the  bacillnr  stage  of 
development  for  instance,  may  prove  to  be  quite  inadequate  for  the 
purpose  when   applied  to  the  rpores.     Thus  Koch  found    (Na  44,    i. 
1881,  p.  266)  that  many  so-called  germicides  were  useless  against  thai 
spores  of  anthrax,  among  which  he  enumerates  hydrochloric  acid  (2  per' 
cent),  sulphuric  acid  (I   per  cent),  saturated  solution  of  chloride  of 
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ium  or  of  chloride  of  calcium,  chloride  of  iron  (5  per  cent),  horacic 
borax,  chlorate  of  potash,  benzoic  acid,  and  quinine. 

Coloored  organisms  anch  as  micrococau  prodigionu  or  the  bacteria  of  blue  pug 

(Koch),  and  anthrax  iMcillos  and  8i>orc8  are  the  best  to  work  upon.     TItc  former 

grow  rcmdily  on  potato  and  betray  their  presence  by  their  colour.     The  ktter  grows 

I  i^ao  cboractcriatically  in  agar-agar  that  it  can  be  easily  recogiiis«d.     lis  iuoc'ukbility 

!•  also  a  sore  means  of  detection. 


Cmrosivt  Sublimate. 

A  solntion  of  the  strength  of  1  to  5000  destroys  the  vitality  of  all 
•pores  in  a  few  minutes  (Koch,  No.  44,  i.  1881,  p.  277),  A  1  to 
1000  solution  is  probably  the  most  useful  and  eifectual  disinfectant 
for  general  use. 

Max  Schede  (No.  lU.  Chirurg.,  No.  Ixxviii.  p.  211.>)  fiuils  tlmt  a  1  to  1000 
•olation  of  corrosix-e  sublimate  cati  be  employed  for  all  surgical  purposv*  witbout 
r,  and  even  for  washing  out  cavities  aach  as  those  of  the  chest  in  empyema, 
hIniKoccua  cysta,  etc.  The  employment  of  a  5  or  3  per  cent  solution  of  tavbolic 
is  attended  with  much  greater  risk  of  toxic  effects.  He  cousidcni  the  former 
lation  a  far  more  powerful  antiseptic  than  the  latter. 
Aa  a  r«salt  of  the  use  of  sublimate  solution  he  has  occasionally,  but  only  very 
wldnin,  seen  an  eruption  similar  to  that  of  dcarlet  fever.  The  circumstancejs  under 
wliich  toxic  effects  are  liable  to  ensue,  arc  where  it  is  employed  in  anjcmic  iudivid- 
■als  for  opemtiona  exjjosing  a  lnrg«>  surface,  or  where  it*)  use  is  (.nntiniieii  for  week* 
at  •  tin*, 

Thjml. 

101.  Th3rmol  perhaps  ranks  next  in  efficacy  as  a  chemical  disin- 
iMtent.  Wcrnich  (No.  13,  lx.xviii.  1879,  p.  62)  says  that  0-5  per 
1 000  of  water  hinders  the  putrefaction  of  muscle. 


Carbolic  Acid. 

103.  This  is  not  nearly  so  powerful  a  disinfectant  as  is  generally 
imagined.  Koch  (Xo.  44,  i.  1881,  p.  242)  states  tlmt  a  one  ]>er  cent 
solution  in  water  has  no  deleterious  effect  on  anthrax  spores  even 
after  fifteen  days'  contact  A  2  jier  cent  solution  delays  their  growth  but 
does  not  otherwise  interfere  with  their  vitality.  A  3  per  cent  solu- 
tion partially  destroys  anthrax  threads  in  three  days  and  anthrax 
spores  completely  in  seven  days.  A  4  per  cent  solution  destroys 
aiilhmx  spores  in  tliree  days,  and  a  5  per  cent  solution  in  two  days. 
Where  the  fluid  containing  the  organisms  holds  albumin  in  solu- 
tion ho  reckons  that  a  10  per  cent  solution  is  necessary  to  destroy 
them,  and  therefore  throws  much  doubt  on  the  practical  utility  of 
.carbolic  acid. 

The  above  results  closely  correspond  with  those  obtained  by  Jalan 
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de  la  Croix  (No.  104,  xiiL  1881,  p.  175)  with  the  organisms  of  putre-, 
fying  muscle. 

Fliigge  (No.  359,  p.  .545)  found  tliat  a  5  per  cent  sohitiou  of  c*r- 
bolic  acid  diainfecta  phthisical  sputum  with  certainty  in  twenty-four 
boon. 

The  general  supposition  that  a  i!  jwr  cent  solution  of  carbolic  acid 
is  suiticiont  to  rlisinfect  hands,  instruments,  etc.,  in  a  few  minuta* 
seems  to  Ix;  entirely  erronfou.'*. 

When  dissolved  in  Oil  or  Alcohol  it  does  not  appear  to  have 
the  least  disinfecting  properties  (Koch,  No.  44,  i.  1881,  p.  2.^1);  but 
it  ii  possible  that  when  dissolved  in  oil  some  of  it  is  given  up,  in  the 
case  of  its  application  to  a  wound,  to  the  liquids  of  the  tissues.  Upon 
instruments,  silk,  catgut,  etc.,  carbolic  oil  does  not  appear  to  have  the 
slightest  disinfecting  powers  oven  with  organisms  of  weak  vitality.' 
Pure  oil  might  as  well  Ix?  employed. 

In  the  form  of  Vapour  nlong  with  steam  at  a  temperature  of 
TS"  C,  and  even  as  low  as  55°  C,  it  is  thoroughly  destructive  of  all 
spores.  The  lower  the  temperature  the  lunger  time  is  required  to 
effect  the  end  in  view. 

Carbolic  Spray  of  the  strength  of  1  to  2  |)er  cent  has  no  effect 
ujton  the  spores  of  various  bacteria.  Hence  the  presence  of  bacteria 
in  wounds  subjected  to  its  influence  may  be  accounted  for  (Koch,  Na 
44.  i.  1881,  p.  252). 

Ckhiitie  of  Zinc. 

103.  Anthrax  spores  are  not  affected  by  a  5  per  cent  solution 
alter  a  month'*  contact  (Koch,  No.  44,  i.  1881,  p.  "iCi).  When 
•own  on  blood-«crum  containing  from  1  to  5  per  miUo  of  chloride  of 
xinc,  anthrax  8]K>ro9  elongate  into  threads  within  twenty-four  hours.  It 
may,  therefore,  l>e  regarded  as  being  almost  inert 

Siitphunnu  Acid. 

104.  This  seems  to  be  a  much  more  uncertain  disinfectant  than  is 
usually  supposed. 

Chlorine,  Bromine^  and  Iodine. 

105.  Cash  (No.  161,  1886,  pi  435)  concludes  that  the  disinfecting 
properties  of  these  three  substances  do  not  materially  differ  from  each 
other,  except  that  they  are  capable  of  arrangement  as  regards  their 
activity  in  the  reverse  order  to  the  above. 


Chloral  Hydrate. 

106.  A  solution  1  to  1000  retards  the  growth  of  anthrax,  but  en 
at  1  to  400  doe.s  not  entirely  prevent  it  (Koch,  No.  44,  i.  1881,  p." 
272). 
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Common  Salt. 

107.  When  of  strength  1  to  64  it  retards  the  growth  of  anthrax, 
but  eren  at  1  to  24  does  not  prevent  it  (Koch,  No.  44,  i.  1881,  p. 
273). 

Phenylprojnunic  and  Pltenylucelic  Acids. 

108.  Klein  (No.  161,  1883,  p.  Ill)  found  these  to  be  powerful 
disinfectants.  A  solution  of  1  to  3200  phenylpropionic  acid  kills 
anthr&x  bacilli  •vrith  certainty  after  thirty  to  thirty-five  minutes. 
Phenylacetic  acid,  of  the  same  strength,  requires  at  least  thirty-five 
minutes  to  be  effective.  Solutions  of  either  of  them,  of  the  strength 
I  to  200,  kill  all  bacilli  wLenceso«ver  derived.  Anthrax  spores,  how- 
ever, do  not  lose  their  viruknce  in  these  solutions,  even  wp  to  two 
or  more  days,  when  inoculated  in  the  guinea-pig. 

Ozonised  Air. 

109.  Grosemami   and  Meyerhausen  (No.  169,  xv.  1877,  p.  245) 
^«t*ted  that  it  arrested  the  movement  an<l  development  of  putrefactive 

rmicrophytes,  but  M'Kendiick  and  Coleman's  experiments  {No.  361, 
1885,  p.  1058)  prove  that  it  has  no  effect  in  preventing  their  dcvelo{> 
snent  in  egg  albumin.  Spillmann  (No.  187,  iv.  1880,  p.  350)  found 
that  it  was  harmless  with  anthrax  bacillus;  while  Cash  (No.  161, 
1885-86,  p.  193),  working  with  improved  facilities,  found  that  ozone, 
when  strongly  concentrated,  destroyed  the  vitality  of  anthrax  bacillus 
but  not  of  the  B]K>res. 

110.  Action  of  Heat— For  psrticnlara  see  p.  122. 

Action  of  Cold. — Extreme  cold  (83°  C.  for  100  consecutive  honrs)  does  not 
apprar  (n  have  any  effect  as  a  Kterilising  agent  (M.'Kendrick,  No.  241,  18d4'8S ; 
•iMS  Ko.  82,  L). 

111.  Comparative  Value  of  Chemical  Disinfectants.— For  tabulated  ntate- 
menta,  con>>iilt  tlie  works  of  Do  la  Croix,  No.  104,  xiii.  p.  250  ;  Koch,  No.  44,  i.  p. 
2«3;  Bueboltz,  No.  104,  iv.  p.  80 ;  and  Flugge,  No.  359,  p.  529. 


DlSINrKCTION  OF  OnOA>M.SM8  of  SCHPUKATION. 

112.  A  Tory  interesting  series  of  experiim'nts  has  lately  (No.  13,  uxii.  1888,  p. 
341)  bern  made  by  Martens  npon  the  action  of  antiseptics  on  the  tirgaiii^nm  of  sup- 
poiation  \ilaphyloroceiui  pjfogenet  aurnu,  albus,  and  cUreus,  and  streptococcus  pyogcna). 
As  an  antiseptic,  iodine  stands  pre-eniineut ;  it  is  the  only  snbstanuu  which  acts 
dalcUrrionsly  in  a  solution  of  1  to  10,000.  As  a  surgical  application  it  has,  however, 
I  tasn  found  inconvenient  from  its  irritating  effects,  from  its  liability  to  become  ab- 
'  aorlied,  and  for  other  minor  reiusous.  Davaine  and  Koch  likcwisu  found  it  to  be  a 
■UMt  powerful  antiiiejitii'. 

Iodoform   if  shaken  over  a  gelatine  surface,  docs  not   prevent  the  growth   of 

microconrus  p.  aurrxu  or  wi,  prodiijiontui.      They  continue   to   liquefy  the  gelatine 

but  do  not  secrete  their  colouring  matters.      Ho  suggests  that  it  may,   however, 

\^rttg*t  the  formation  of  Uk  ptomaintt  of  septic  cocci,  that  is  to  say,  may  serve  to 

convert  lathogenir  cleft  fungi  into  those  whicli  are  noii -pathogenic. 

Iodide  of  potassium  seems  to  have  very  little  inlluuncu. 
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Thymol  has  •  deleUriou*  Mtiou  in  the  proportion  or  1  lo  !iOOO.  It  M«Tna  t4>  he 
rery  much  less  powerful  as  an  antiaeptic  when  dinolved  in  alcohol  than  in  irat«r. 
Both  oil  and  alcohol,  when  employed  as  aolventa,  aeem  to  interfere  with  the  action 
of  moat  antiseptics. 

Tlie  followii))(  substances  act  deletmioosly  in  the  proportion  of  1  to  1000  : — &•■ 
de  Javelle  (chiefly  hy[io<-hlorite  of  potiuh),  nitrate  of  silver,  mineral  adds, 
corrosiTC  sublimate,  benzoic  acid,  mid  salicylic  acid. 

Perchtoride  of  iron,  chlorate  of  potash,  acid  sulphate  of  potash,  carbolic 
acid,  permang^anate  of  potash,  quinaline  (aiitifcbriuc),  chloride  of  copper, 
reaorcin,  nml  acetate  of  alumina  act  dcleteriously  when  of  the  ttrvngth  of  I  to  100. 

Acetic  acid  uii<l  oil  of  turpentine  require  to  bu  in  the  itrojiortion  of  2  to  100  ; 
while  chloride  of  zinc  will  prove  dvletcrioun  when  the  streuf^h  is  5  to  100. 

A  grt-«t  ileal  nevtof  to  de^jviul  u[h>ii  the  time  during  which  the  antiaeptfa  is  fa 
contact  with  the  orj^janism.     Thus  a  4  \kt  cent  solution  of  boracic  acid  proTM 
effectual  germii-idc  uuly  after  ton  days. 

Littratun  on  l)igin/<(tion. — Bucholtx  (Antiseptlos  and  Bacteria):  Arch.  f.  evfv 
Path.  u.  Pharmakol.,  iv.  1S75.  Cash  (CerUun  Obsnieal  DIsiofecUnU) :  Re|>.  Loc 
Got.  Board,  SoppL,  1884,  p.  19-2;  (Clu-mical  Subctonces  as  rrophyUctlct)  tUd., 
1684;  (Oxygen  sod  Otone  as  Di»inf<otaiit«)  Ihid.,  1885,  ]>.  IVS.  Comil  et 
Babes:  I.es  Bactt-ries,  1885,  p.  44.  De  la  Croix  :  ^Vrcli.  f.  exp.  I'stti..  lill.  I8SI. 
p.  ir.'>.  Fischer:  Article  iu  Neuen  Hsndworterbucb  d.  Chemie.  Fischer  and 
Proskauer  (Dilorioe  soil  Bromine) :  Mittb.  n.  d.  k.  OesandheitMitnte,  ii.  1884,  p.  SS8. 
Fdrater  (HsDdm  :  IVntnlbl.  f.  klio.  Med.  No.  15.  1885.  Friach  (Infloenc*  of 
Temperature) :  Sitziiiit;iib,  d.  k.  Wieu.  Akad.,  Ixxr.  and  Ix&x.  Hiippe  (Ferments  aad 
T  •    ,):  Mittlieil.  a.  .1.  k.  Ge»uuilheit»«mtc,  L  1881,  p.  341.     ln»truction»  for 

I  .    prepared    for    the    National    Boanl  of    Health,    N.    Y.,    1879.       Klcia 

\.l'-.-.- . .,  :  (lionic  nnd  Pbenvlscrlic  Acids,  Cblorine) :  Rep.  Loc.  Got.  Board,  BappL, 
l»8it,  p.  ill  :  (Air  Dixinfe^lion)  Ihid.,  1684,  p.  187  ;  (Phenyl  Acids  and  SalU)  iMrf., 
1884.  y.  188.  Koch  (Oislnfection)  :  .Mitthi<il.  n.  d.  k.  Oeinndheitsamte,  i.  1881.  p.  S34, 
Koch,  Ga£fky,  L6ffler  (l>i-inlVctir.n  with  Steam)  :  Mittheil.  a.  d.  k.  GeenndheitMmte, 
i.  1K81,  p.  322.  Koch  and  Wolffhiig^el  (Hot  K\i)  :  MItth.  a.  d.  k.  Gesundheitjamte. 
i.  I'^SI,  f.  .'141.  Lebedeff  (MaliKTiaiit  (Edema):  Arch.de  I*hysiol.  nonn.  et  (Hithol. 
I.  IhS-i,  [I.  17.',.  Martens  ;  Viui^ti.ti.i.) :  Arch.  f.  jiath.  Anat,  eill.  1868,  j>.  341. 
M'Kendrick  (EfTict  c.f  Extreme  LoM) :  Text-book  of  Pliysioloey,  1888.  Neisser 
(Lxlofiinii):  Anh.,  f.  path.  Anat.,  ex.  1887.  pp.  281.  ■"'^l-  Pictet  and  Young: 
JAriir,!!  (if  C'fllii) :  L'ompt.  rend.,  xcvlii.  1884,  p.  747.  Proskauer  (Value  of  Siilphtjr- 
ooo  Ariil  In  Air)  :  Mittheil.  a.  d.  k.  OesUQdbeitsamt^  L  1881,  p.  283.  S«ndera(MI 
(Infection  and  Diilnfcction)  :  Rep.  Loc.  Got.  Board,  Suppl..  1882,  j>.  213  ;  (IVodaata 
of  I'utrcfaction  in  Relation  to  DUinfectioD)  /bid.,  1883,  p.  101  ;  /bid.,  1884.  p.  183. 
Schede  KonrxilTe  Sublimate):  Sammlung  kUn.  Vortriige,  No.  851,  1885.  Schill 
and  Fischer  ( rMsinfection  of  Phthinical  Spotnm)  :  Mitth.  a.  d.  k.  GwiuD.IUeit- 
■amte,  Ii.  1894,  p.  131.  Steinmeyer :  I'tli.  Desinfi-ctioniilehiT,  1SS4.  Tyndall : 
Philimoph.  Tr»n*..  chvii  1877,  p.  149.  Vallin  :  Trnit*  d«  d^infectants  et  <le  la  dis- 
infection, 1883.  Wemich  (Action  of  Aromatic  Products  of  Putrefaction  on  Vegatabla 
Jfiero-OrRaaisms) :  Arch.  f.  path.  Anat.,  Ixxviii.  1879,  p.  51.  Wolff:  CeotndbL  f.  d. 
ned.   WiisieuscU.,   xxlii.   1S85,   ji.   177.      Wolffhiigel  iH  with    Hot  Air): 

'  MltthelL  a.  <1.  k.  ( ieoundheitmnite,   i.    1881.  p.  :t.VJ    (>ni|  !|  .Mltth.  a.  0.  k. 

OesnodheitJuuiiU,  i.  1881,  p.  188.     Wolffhiigel  and  Knoirc  /■ ■■":  Aci>l) :    Mitth. 

a.  d.  k.  Geaundbeitumte,  i.  1881,  p.  362. 


Tksting  of  Air  for  Grrm  iMPrRmsB. 

113.  Varioiis  means  have  been  iuloi)te<]  fur  this  purpoae.  In  the 
older  instruroenta,  liquid  media  were  em])Iuyed.  They  are  not  iiujirly 
ao  serviceable  as  those  which  are  gelatinised. 
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Miquel's  Apparatus  (No.  365,  pp.  138  and  175).  A  ballon 
(h)  of  50  c.c.  capacity  is  blown  on  a 
tube  «/,  the  latter  being  bcut  as  in 
the  figure.  A  plug  of  asbestos  is 
placed  at  each  of  the  points  (/,  e,  and 
the  tube  is  drawn  out  between  them. 
The  apjiaratus  is  sterilised  with  dry 
h«at  and  about  20  c.c.  of  a  liquid 
nutritive  medium  (bouillon)  are  fol- 
jpctod  in  the  ballon  (6)  by  dipping 
tho  point  <i  in  the  medium  and  aspirat- 
ing at  /.  The  point  a  is  then  dried 
and  sealed  in  a  flame. 

In  uxing  it,  the  (xirt  ed  is  inclined 
at  an  angle  of  about  25°,  and  the 
point  a  is  correspondingly  elevated. 
Tlie  end/  is  connected  to  a  graduated 
aspirator  by  means  of  an  india-rubber 
tttbe.  The  point  o  is  broken  with 
Sterile  forceps.     A  measured  quantity 

^«f  air  is  drawn  through  the  apparatus 
by  means  of  the  aspirator,  and  im- 
laediately  afterwards  the  point  a  is 

I  again  sealed  in  the  flame.  By  vigor- 
WU  blowing  tlte  plug  c,  which  probably 
contains  some  germs,  is  displaced  and 
driven  into  the  liquid,  and,  by  inclining  tho  .apparatus,  the  liquid  is 
allowed  to  penetrate  to  the  point  a,  so  as  to  absorl)  any  germs  in  this 
part. 

Large  numbers  of  the  flasks  are  used  in  a  single  observation.     The 

^results  do  not  show  directly  how  many  germs  are  contained  in  a  given 

\  bulk,  but  merely  how  many  of  the  flasks  become  contaminated  by  the 
measured  samples  uf  air  aspirated. 

Hess's  Method  (No.  44,  ii.  1884,  p.  182).  This  essentially 
consists  in  employing  an  ajjparatus  by  which  a  measured  quantity 
of  air  may  be  aspirated  through  a  long  glass  tube  whose  in- 
terior is  coated  with  nutritive  gelatine.  The  germs  fall  on  tlie 
lower  surface  of  the  tube,  and  can  be  counted  as  they  begin  to  form 
ooloniea 

Tht  apparahii  is  composed  of  a  glass  tube  70  cm.  in  length,  with  a 

ibore  of  3  5  cm.  The  end  is  covered  with  an  elastic  cap,  having 
round  aperture,  1  cm.  diameter,  in  its  centre.  This  first  cap  i.s 
covered  by  a  second  without  any  central  aperture,  which  com- 
pletely closes  the  end  of  the  tube.  The  other  end  of  the  tube  is 
fitted  with  a  caoutchouc  cork  and  central  tube,  1  cm.  Iwre,  and 
10  cm.  long.  The  central  tube  is  connected  vnih  two  aspira- 
ting  bottles    by  means  of   elastic    tubing.      Two   cotton  plugs   are 


Flo.  52.— MiviPtL'i  Appahatf*  ro«  Tf«T- 
ixo  TBE  OKim-IiirrKiTT  or  mi  Aik. 
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driven    iato  the    glass  tube   perforating    the   cork,    the  one  at  the 

proximal  end,  the  other 
at  a  short  distance  from  it. 
In  chiiDjitio  U,  take  out 
the  cork  and  introduce 
fiO  c.  c.  nutritive  gela- 
tine, lieplace  the  cork, 
and  subject  the  app&ra* 
tus  to  steam  heat,  in  the 
steam  steriliser,  for  from 
one  to  two  hours.  Re- 
move it,  and  when  so  cool 
that  one  can  hold  it  in 
the  fingers  without  inoon- 
venienco,  rotate  the  tube 
in  such  a  manner  as  to 
coat  the  whole  of  its  in- 
tenor  with  a  thin  film  of 
tlie  gelatine.  The  flooir 
ought  to  huvo  the  thickest 
coating,  as  it  is  hero  th*t 
the  germs  moctlr  falL 
The  rotation  is  done  an- 
_..._..  -  „      ,    der    a    stream    of    water, 

•vanm orrns Alt.  ^"^    ^*^"^    must    then  be 

left    at    rest    for    several 
days  in  order  to  prove  the  sterility  of  the  gelatine. 

ffh/'n  about  U*  bf  mW,  attach  the  aspirator,  take  off  the  outer  elastic 
cap  from  the  end,  and  draw  the  air  through  very  slowly.  Note  the 
quantity  of  water  used  in  aspirating.  A  litre  is  that  generally 
Holccted,  and  of  course  the  quantity  ought  to  bo  alike  in  all  coni- 
{lunitive  observations. 

Ordimiry  bnrteria  usually  alight  at  the  anterior  jwirt  of  the  tuW, 
$pores  of  fimgi  at  the  posterior.  Hess  alleges  that  the  reason  of  this 
is  that  the  bacteria  are  held  together  in  masses,  while  the  sfMres  are 
free. 

The  chief  objections  to  the  apparatus  are  said  to  lie,  that  it  doe* 
not  catch  all  the  germ  impurities,  and  that  the  spores  do  not  all  ()egin 
to  gT*ow  when  thoy  fall  on  the  gelatine  surface.  It  is,  however,  highly 
recommended  by  Camelly,  Haldane,  and  Anderson  (No.  65,  clxx^^iL 
1887,  p.  65),  and  others,  who  have  employed  it  largely  on  account  of 
its  simplicity  and  fair  accuracy. 

Pewlowskj  (No.  43,  xxii.  1885,  p.  $30)  endeaToure  to  rentier  an  appantua 
ooBStnieted  on  the  aarac  principle  a  more  thorongh  germ-tnp  by  bending  Xh*  tub« 
in  a  aerie*  of  angular  currea. 


A   Still    simpler    method,  which  the  author  has  fretiuently 
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remplo^'cd  and  found  effectual,  is  as  follows.     A  large  number  of  sterile 
[glass  capsules,  similar  to  those  recommended  for  jiotato  (Sect.  63),  are 

each  charged  with  sufficient  nutritive  gelatine  to  form  a  layer  about 

^  in.  thick  on  the  bottom.  The  lids  are  fasteneil  down  hy  means  of 
i  a  couple  of  elastic  bauds  or  with  thin  wire,  and  the  capsules  and  their 

contents  are  all  sterilised  ^^^th  steam  in  the  usual  manner  (Sect.  69). 

An  internal  of  a  few  days  is  allowed  to  elaj)se,  so  as  to  ensure  that 
r  those  selected  are  sterile.     They  are  then  [Kicked  in  steiile  cotton,  and 

conveyed  to  the  locality  in  which  the  atmosphere  is  to  be  tested.     The 

capsules  must  be  all  of  the  same  size,  and  at  least  2^  inches  in  dia- 
meter. 

The  lid  is  removed  with  the  greatest  care  in  the  particular  site 

•elected,  and  in  all  cases  the  gelatine  is  exposed  for  the  same  time  (20 

minutes).     Before  removing  the 

lid,   however,  it  i*  well  to  dip 

the  floor  of  the  capsule  for  an 

instant   into   hot  water.      The- 

small    quantity    of    gelatine    so 

melted  should  !«  allowed  to  nin 

over  the  surface  of  the  mass  in 

the  finest  film.     The  s[)orf8  and 

bacteria  which  fall  upon  it  are 

thus  enabled  to  take  tj«tter  hold 

and  to  grow  with  greater  cer- 
tainty.     A    large    number    of 
I  capsules  must  be  used  at  each 

observation  for   the  purjTOse    of 

comparing  results.      The  air  should  be  aa  still  and  undisturbed  as 

possible  in  the  apartment  where  the  observation  is  being  made. 

The  advantages  which  the  author  claims  for  this  method  are  its 

simplicity,  the  exclusion  of  any  probable  source  of  fallacy  from  acci- 
'dsDtal  contamination,  the  case  with  which  the  colonies  can  be  examined 
'and  transferred  to  fresh  media,  and  the  absence  of  all  necessity  for 

aspiration. 


Fin.  M.— V*caKB'»  l.v.xTimii-NT  rou  collkt- 
isu  Ihi'uiutiu  or  BxriRcu  Aiu. 


COLLECTION  OF  GERM  IMPURITIES  IN  EXPIRED  AIR. 


114.  Different  means  have  been  adopted  for  this  jmrpose,  the  best 
principle  a|)parcntly  being  that  of  bringing  the  expired  air  in  contact 
with  n  surface  coated  with  some  viscid  material. 

Vacher's  apparatus  (So.  59,  1883,  i.  p.  633)  consists  of  a  metal 
cap  fitting  tightly  over  the  mouth  by  means  of  a  readily  iriHated  air 
cushion.  The  ca])  has  two  apertures,  one  at  the  side,  provided  with  a 
valve  opening  inwards ;  the  other  in  front,  having  a  cover-slip  coated 
with  albumin  held  close  behind  it  by  two  clips.  The  expired  air 
impinges  against  this,  and  after  several  expirations  have  been  made, 
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tho  albumin  ia  drie<l  and  the  organisms  atainecl  and  mounted  as  before 
directed  (p.  139). 

Collection  from  Air  generally. — Many  ingenious  instrumonU 
have  been  invented  by  Pasteur,  Poucliet,  Maddox,  Cunuinghara,  and 
othcr&  That  of  Pouchet  (Fig.  55)  is  extremely  simple,  and  is  designed, 
aa  many  of  th«i  others  are,  to  cause  the  air  to  impinge  against  a  glass 


y 
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slide  having  some  viscous  substance  adhering  to  it  It  consista  of  a 
cylinder  fille<l  witli  water,  having  an  escape-pipe  below.  Conriecteil 
with  the  roof  of  the  cylinder  La  un  elastic  tube  in  communicAtion 
with  a  glass  chamber  containing  the  slide.  The  aspiration  of  the 
water  causes  a  stream  of  air  to  enter  in  the  direction  of  the  arrows. 


LUtntturt  nn  Tntitig  Air  /or  OtrM-imfnirUiet.  —  Caroellej,  Haldane,  and 
Anderson:  riiil.  Tran*.,  cIzxtUL  ISS7,  |>.  61.  Cunningham:  Micror>coi>irAl  Ei- 
aiiiiu.ii(ou  of  the  Air:  Calcutu,  187J.  Emmerich:  Ar.  li.  f.  Uyjrione,  i.  Htft  2. 
Fr^oUlanH  i\i..»li...(\  •  ZtJiclir.  f.  H\%,  iii.  1S.S7,  p.  2S7.  Freudenreich  (Air  of 
\  I.,  ii.  p.  384.     Hache:  Rev.  lie  Cliir.,iv.  1884,]..  162.    HeMe 

I'  I  Mirru-orgaiiitnt^) :   Mitthell.  a.  it  1c. QeniDdheit«anile,  li.  1884. 

p.  1^2.  Klebs  and  Tommaai-Cnideli  (M^larionK  Air):  Arch.  f.  exper.  Path.,  xi, 
1879.  Koch:  Mitthpilniivt'ii  .v  <\.  k.  (Hviiiclhritsamtf,  i.  1681,  p.  82.  Miflet : 
Cohini  Eteitr.  t.  Kml.  il.  I'lUiiz^n.,  rol.  ill.  Miquel :  Ijta  orjpuiiune*  rlranti  •!«  I'at- 
mofpli^  188S.  Olivier  (C•r^l>^  of  Air) ;  Rev.  •rintt.,  ixii.  ISSS,  p.  200.  Thise: 
H.i  ..  i-...t  .  J8M.  Pawlowsky  (New  Ap|>Matu.|  :  Berl.  klin.  Wochn»<-hr.,  xxiU 
I  i      Smart :  c;«niia.  Dust,   iml   Dirteaxs  li^S3.      Tyndall :    lliv  Hoatll^  i 

M  '  :>'■  Air  III  KcUtioD  to  Patrermetinn  unil  Infrrtion,  1881.     Vacber  ilantruaiMi  < 

(or  CoUeututg  Exbaled  G«nu*) :  Uneet,  1883,  i.  p.  833.  j 
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Bacteriological  Investigation  or  Water, 

115.  Koch's  metbod  of  fractional  cultivation  has  been  much 
ntiliaed  for  this  purpose  (No.  44,  i.  1881,  p.  36),  more  especially 
Enoarch's  modification  of  it  (Sect.  73).  The  water  ia  received  in  a 
sterile  vessel,  and,  with  a  sterile  pipett*  1  c.c.  of  it  is  transfenod  into 
a  test-tube  containing  10  c.c.  of  nutritive  gelatine  at  the  lowest  tem- 
perature compatible  with  the  latter  remaining  liquid  (about  SC"  C.) 
This  is  then  spread  out  in  the  interior  of  the  tube,  the  flat  tube  recom- 
mended by  Arloing  (Sect.  73)  being  particularly  suitable. 

If  the  bacteria  are  veryabundant.a  fraction  of  1  c.c.  maybesubstituted. 

The  colonies  are  counted  as  they  begin  to  grow,  and  a  corres])ondiiig 
calculation  made.  Fol  (No.  367,  xiii.  iJ^SS,  p.  110.  t|uoted  by  Hueppe) 
alleges  that  only  4  per  cout  of  all  germs  fructify  in  the  gelatiiip,  and 
that  hence  to  obtain  the  actual  number  present  it  is  necessary  to 
multiply  by  25.     Hueppe  (No.  363,  p.  231)  coincides  with  this  view. 

If  the  colonies  liquefy  the  gelatine  rapidly,  agfar  should  be  substi- 
tuted. Water  for  analysis  should  be  transported  in  sterile  stopper 
bottles  covered  by  a  caoutchouc  cap. 

It  must  be  added  that  a  large  numlxr  of  observations  should  be 
made  of  each  aam(>l6,  and  that  the  result  sliould  be  the  average  of 
these.  The  colonies  should  also  be  cultivated  at  different  temperatures, 
and  plenty  of  time  (a  fortnight  at  leiust)  should  bo  allowed  to  elapse 
before  the  counting  of  the  colonies  is  completed. 

Ttitinff  </  M'ater. — Arloing'  (Baclcriologicnl  Analyser  for  Water) :  Arch.  d.  Physiol. 
Mrm.  et  (lAth.,  x.  1887,  ri.  273  Becker:  Anleitung  zur  UntemuchDiig.  ilea  WiiM«n> 
mf  MikTuorgiuiLinini,  Biachof  (Koch'a  BacteiiologU'ol  Watir  Teat)  :  Lancet,  1895, 
il  p.  382  ;  Ihul.,  1887,  i.  p.  726  ;  Ibid.,  1887,  ii.  p.  .'-16.  Chanib«rland  (Physiolo- 
Rieally  Pttr«  Filt«<r) :  Compt.  rend.,  xflx.  p.  247.  Frankland  (Vitality  of  Piitliopeni<- 
lUcro-OfganiMii  lu) :  Lancet,  1886,  ii.  p.  226.  Hesse  iWnter  Filtcrinii:) :  Diut.  tne<l, 
Woehnachr.,  18SS,  No.  5.  Koch:  Mittbeiluugen  a.  d.  k.  Gesuudheitsomtr,  i.  1S81,  p. 
Stf.     Smith  (Teiting  by  Kocb's  Oelntine) :  Son.  Rec..  Loud.,  iv.  18S2,  p.  3-14. 
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116.  The  term  Pathologfy  (irddo^,  disease,  and  Aoyos,  a  discourse) 
literally  means  a  (liscouise  n|x)ti  disease.  What  is  disease?  This  can 
be  uridei-stiMxl  imly  liy  clearly  defining  the  mejining  of  the  tenn  Henlth. 

Definition  of  Health. — Hmlih  is  that  condition  (if  xtmdure  aiul 
f%tMiim\  of  an  organism  which,  on  examinatitm  of  a  Sii^licient  number  of 
mtmpUs,  1IX  find  to  h  commonest. 

Oi)  examining  such  an  organ  as  the  kidney,  it  is  found  to  he  made 
up  of  a  ca])sule,  medullary  and  cortical  parts,  urinous  tulie.s,  Malpighiaii 
bodies,  blood-vessels,  etc.  These  have  a  certain  constant  size,  tliick- 
neaa,  and  shape,  and  on  examination  of  say  twenty  animals  of  the  same 
species,  those  characteristics  arc  found  to  l)e  constant.  If  any  kidney, 
accordingly,  of  the  same  species,  and  at  a  like  age,  comes  up  to  this 
standard  of  structure,  we  call  that  the  normal  or  healthy  structure  of  the 
kidney. 

When  the  urine  is  investigated  it  is  found  to  ho  excreted  in  a  certain 
qiuntity,  it  has  a  peculiar  colour,  and  contjdns  certain  organic  and  in- 
organic constituents,  In  a  large  num)>er  of  instances  the  constituents 
preaent  arc  found  to  corresponil  in  their  nature  and  quantity,  and  we 
eonsoqucntly  say  that  the  uormnl  or  Iwallhy  fundion  of  the  kidney  is  to 
Mcretc  these  in  this  quantity. 

If  othi-r  organs  and  jiarts  lie  similarly  examined,  a  certain  standard 
of  slruclurc  and  function  will  he  found  to  prevail ;  and  if  all  the  organs 
tnd  tissues  respond  to  this  test,  we  designate  such  an  indi\idual  a 
htallhy  uTijnnism.  There  is,  as  it  were,  a  certain  cquililiriuni  in  struc- 
toro  and  function  which  is  reached  in  each  organ  se|>arat<>ly,  and 
oonaequently  in  the  animal  as  a  whole,  in  what  wo  C4dl  the  htaUhy 
being.  The  terms  healthy  or  nomuU  arc  used  indisci-iminatcly  to 
exprcH  this  condition,  and  any  departure  from  it  is  de&crilied  as 
tbe  unhfiillhy  or  almormnJ.  The  detinition  of  health  is  therefore  purely 
srbitrary  ;  it  is  simply  the  result  of  experience. 

117.   Health  and  Utility. — What  we  designate  the  normal  or 
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healthy  structure  or  function  of  an  organ  is  not  necessarily  that  which 
is  of  the  greatest  conceivable  value  from  the  iitilitiirian  point  i)f  view. 
Perfection  of  adaptation  to  a  purpose  is  no  doubt  one  of  the  gnind 
results  of  evolution,  but  it  must  \m  reraemltercd  that  this  p«irfectiou 
hi»«  not  been  as  yet  attained  in  all  cases.  We  consider  the  brain  of 
man  as  the  typically  perfect  brain.  It  is,  however,  quite  pouiblo  to 
conceive  a  Ireing  gifted  with  a  brain  of  powers  so  vastly  greater 
that  the  hajipy  possessor  would  be  able  to  transcend  bj'  far  the  ordin- 
ary limits  of  luiman  thought.  Such  a  condition  would,  however,  be 
considered  so  abnormal  as  to  be  actually  reckoned  something  morbid. 
We  say  that  "  genius,"  or  the  over-development  of  a  partioul&r  faculty, 
"iB  akin  to  madness," — that  is,  it  borders  upon  the  diseased.  It  i« 
not,  therefore,  the  highest  conceivable  development  of  structtire  or 
function  which  is  termwl  hcsilth,  but  it  is  the  fulfilment  of  a  rrrlntH 
comtant  mtmuinrd  of  excellence. 

1 1 8.  Definition  of  Disease.  — The  definition  of  disease  then 
becomes  easy.  Di^f<i!<e  is  unij  ilefniiture  from  the  tiormai  itandard  of 
structure  or  fuwtion  of  aw  organ  nr  tissue. 

If,  instead  of  the  nomuil  number  of  Malpighian  bodies  in  the 
kidney,  we  find,  say,  only  two-thirds  or  a  half  of  that  number,  the 
condition  constitutes  disease  of  structure  ,  and  if,  again,  the  amoiuit  of 
the  solids  or  liquids  discharged  through  the  organ  differs  in  quantity 
from  the  usual  standard,  or  if  any  new  product  be  superadded,  thii 
constitutes  disease  of  function. 


Growth  and  Development. 

1 1 9,   Definition  of  Growth. — Growth  is  the  inereate  in  bulk  of  i 
OTifitn  or  lix.%ur  bt/  nddition,  to  the  number  of  Hi  cellular  elements  iritMoid 
tlu  prmlurtion  of  strueiural  ahtuirnuiHty  or  diJferetUitition  into  vnlik^  ti«gu*$. 

Development  is  something  quite  different  from  growth.  The 
ovum  after  l)cing  fructifiod  divides,  and  soon  the  rcsiilting  cells  begin 
to  differentiate  mu^  unlike  tissues,  such  as  epithelium,  miuicle,  comicc- 
tive  tissue,  nerve  fibre,  etc.  (xrowth,  however,  commences  only  after 
fht.  rwiiment*  of  the  onjans  and  ti\sufx  hare  been  laid  dtncn.  Given  a 
certain  nuuilH-r  of  cells  in  the  primitive  embryo,  both  its  development 
and  growth  take  place  by  division  of  these.  There  is  this  difference, 
however,  between  the  truly  growing  organ  and  one  which  is  merely 
developing,  that  in  the  former  each  coll  reproduces  its  lika  Live 
coll  given  rise  to  liver  cell,  epithelium  to  epithelium,  and  so 
There  is  no  further  tmn.'^fomnation  of  cells  into  unlike  tissues.  The 
inAnn''!r  in  wliicli  this  cdltdar  iiicrc^ase  takes  place  in  the  animal  l>ody 
is  by  the  successive  division  of  the  nucleus  and  protoplasm. 

The  great  inequality  in  the  bulk  of  aniiiuds  de]jeiuls  u]>on  a  nume 
c&l  prejKinderance  of  the  cells  of  the  one  over  those  of  the  other,  not 
upon  a  difference  in  their  size.  The  cells  of  many  small  animals  are 
indeed  larger  than  those  of  colossal  dimensions.     The  cells  of  the 
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fcBtus  are  as  a  nile  larger  thnn  those  of  the  adult.     It  is  alike  in  a 
growing  part ;  the  increase  in  Imlk  which  occurs  is  numerical. 

r20.  Increase  in  bulk  by  increase  in  the  size  of  the  con- 
stituent elements. — A  ti8.sue  sometimes  iiicraises  in  bulk  by  an 
angmontation  of  thy  fonned  parts  of  its  constituent  elements.  Thus 
tiic  relative  quantity  of  myosin  in  a  muscular  iil)re  has  been  shown  by 
Zielonko  (No.  13,  voL  Ixii.  p.  29)  to  vary  at  different  periods  of  life. 
In  the  foetus  of  seven  months  it  ia  sraaller  in  amount  than  in  that  of 
eight;  it  is  proportionally  greater  in  the  child  of  one  year  than  in  the 
f<BtU8,  and  very  considembly  larger  in  the  adult  than  in  the  child. 

The  sarcous  sulmtance  in  the  muscles  of  a  well-fed  muscular  animal 
18  more  abundant  than  in  one  in  poor  condition  (Auerbach),  and  yet 
the  muscular  fibres  may  Ijo  the  same  in  number  in  the  one  as  in  the 
other.  In  a  young  fibrous  tiunoiir  the  quantity  of  fibre  is  compara- 
tively slight  in  projMrtion  to  the  numlier  of  the  cells.  As  it  becomes 
older  the  amount  of  fibre  increases  in  quantity,  and  the  whole  mass 
aasumes  greater  bulk.  In  plants  an  excess  of  bulk  may  result  fnun 
an  over-aecretion  of  cellulose  or  starch. 

Are  these  instances  of  growth  ?  Certainly  not,  and  foi'  the  follow- 
ing rensons :  The  sarcous  .substance  of  muscle  is  in  reality  to  Ite  re- 
gutlod  as  the  secretion  of  a  muscle  cell.  If  the  muscle  fibre  is  traced 
its  earliest  stage  of  development,  it  looks  at  fii-st  like  a  grijrndar 

cipitate  thrown  out  round  a  spherical  or  oval-shujicd  cell,  and   its 

ther  increase  in  size  consists  in  an  addition  to  this  in  length  and 
breadth.  The  white  fibrous  tissue  of  a  tumoiu'  is  similarly  fonned. 
It  is  at  first  thrown  out  as  a  secretion  from  a  connective  tissue  cor- 
puscle, and  the  matrix  of  cartilage  or  bone  is  produced  in  like  maimer. 
They  aje  secretionS  from  cells  endowed  with  the  property  of  elal)onit- 
4^^tke&t.  The  cellulose  and  st.iirch  of  plants  are  also  to  be  regarded 
M  neretions  from  vegetable  cells. 

14  therefore,  we  are  to  look  on  an  organ  which  bis  gained  bulk  by 
Um  dopoeition  of  myosin,  colh>.gen,  chondrigen,  or  calcitietl  lK)ne  matrix, 
l^kainng  grown,  or  if  wo  are  to  regard  a  plant  which  has  stored  up 
ta  excess  of  starch  or  celhdo.so  as  having  grown  in  the  true  sense  of  the 
word,  there  is  no  reason  why  we  should  not  regai-d,  sa^',  a  liver  which 
bu  increased  in  bulk  from  a  distension  of  its  bile  ducts  by  its  prop^^r 
■Mretion  as  having  also  grown. 

There  is  evidently  something  more  in  a  growing  jwrt  than  a  mere 
storing  up  of  exce^  of  nutritive  piibulum  over  expenditure.  The 
niUitunces  just  ciuimemted  are  evidence  of  work  done.  They  arc  not, 
however,  necessarily  associated  wth  Ihr  atlUnij  into  fAnieiiu  of  iiew 
etlU,  which  is  the  essential  of  growth.  In  true  growth,  like  produces 
UkflL  The  old  and  the  new  cells  of  a  growing  sarcoma  are  identical  in 
thm  eharacters,  but  in  the  instances  above  enumerated  of  increnxo  in 
■tie  from  the  clcposition  of  a  secretion,  nucleiited  protoplasm  forms  a 
•tthatance  unliko  itself  both  in  chemical  compo.^ition,  physicid  pru]K>iliL*s, 
and  powers  of  reproduction.     In  fact  the   two  things — growth  and 
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secretion  of  a  matrix — stand  to  each  other  in  inverse  proportion.  In 
actively  growing  parts  the  mutinx  or  substjiiico  secreted  is  small,  IkiUi 
in  the  animal  and  vcgetithle  kingdom.  It  \s  rather  where  a  }>eriod  of  j 
quiescence  or  e(iuilihrinm  is  reached  that  the  matrix  begins  to  pr«vaiLJ 
When  this  stable  condition  has  Itceu  atbuued,  any  tissue  may  tncra 
in  bulk  by  accumulation  of  matrix  ;  it  has  not,  however,  necessarily 
^ouni.  It  is  therefore  clear  that  increase  in  size  is  not  growth. 
It  is  simply  one  of  the  attrihut«8  of  a  growiug  |mrt. 

Hypertrophy  {inrip,  in  Exuss,  and  t/jo<^;,  NutrHion). 

121.  This  term,  like  that  of  atrophy,  is  fref|uently  employed  in  the 
loosest  sense.  It  is  exU'omely  desirable  that  some  strict  definition  be 
given  of  ))Oth  of  these,  and  that  this  l>e  adhered  to.  It  will  cona^'l 
quently  be  understood  that  when  they  are  em|iloycd  in  this  work  tho 
meaning  attached  to  them  is  iu  acconiance  with  the  definition  al)out  to 
be  given. 

The  defidtion  of  health,  as  already  detuiled,  h  that  it  is  the  normal , 
sundainl  of  structure  and  function.      That  of  hypertrophy  must 
stated  in  tiTuis  of  this. 

Definition. — HyiKrtwphy  of  an  organ  or  liggue  ejjtrfssr*  that 
diiitm   whey  its  twniutl  bulk  it  uniirrsnlly  aujinrtitrd  /»/  un  addit 
nunUirr  or  /ly  increased  dimentions  of  iU  ti«sue  elemenU,  u-UfunU  drpo»itia 
of  a  foreign  imkittince. 

The  function  of  the  hypertrophied  organ  or  tissue  may  be  ])«r-^ 
feet  or  may  Iw  exalted.     Of  the  two  the  latter  is  the  commoner.     The 
hyjtertrophieil  bicejw  muscle   is  usually  more  jwwerful  than  one 
iuitur.ll  size.     The  hypertrophied  connective  tissue  of  an  organ 
tains  those  {wirts  with  which  it  is  united  more  securely  than  in  the 
normal  sUitv. 

Hy{>ertr(iphy,  as  must  be  apjiarent  fmni  the  definition  just  given, 
18  quite  a  different  tiling  from  mere  enlargement  of  a  jiart  A  wax- 
like  or  a  fatty  liver  is  very  large,  but  neither  of  them  is  hypertrophied. 
The  cause  of  the  enlargement  in  lH>th  cases  is  the  deposition  of  a 
fortign  tubitance  within  or  among  the  natural  constituents  of  the  organ. 

It  will  l»e  noticc«l  that  in  the  above  definition  the  word  "univcraal" 
ia  employc<l  in  relation  to  the  increased  size'.  If  the  overgrowth  of  an 
organ  or  tissue  \hs  local,  tlie  term  hyfK'rtrophy  is  not  applied  to  the 
condition.  If  it  lie  a  gland  which  is  concerned,  such  a  local  euhirge- 
mont  is  designated  ati  adenoma,  and  if  a  simple  tissue,  the  name 
muscular,  fibrous,  oi  osseous  tumour  is  given  to  it>  as  the  caao 
may  'hj.  A  loo^il  hyjicrtrophy  is,  thcrefon-,  known  as  a  tumoUT  or 
neoplasm.  Thus  the  iinivir.-!al  onliirgemcnt  of  the  uterus  in  |Mvg- 
nancy  is  kn«>wn  ivs  an  hypertrophy,  the  piirt.ial  enlargement  of  it  in  a 
myoma  ix  called  a  tumour. 

Hyptirf n»phi<>8  aie  sometimes  called  /ru<f  and  falsf.  Nothing  could 
be  more  illugicaL     llow  can  a  thing  !>«  both  tnio  and  false  1     Either 
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the  part  is  hypertrophied  or  it  is  not,  and  once  a  strict  definition  is 
given  of  the  condition  there  cannot  bo  any  doubt  as  to  which  category 
it  belongs. 

Hypertrophy  of  Striated  Muscle  is  one  of  the  best  instances 

of  the  condition.  It  may  reKult  from  two  causes — overwork  and 
increased  nouri.shment.  According  to  Zielonko  (No.  13,  vol.  Ixii.  ji. 
29),  the  state  of  the  muscle  vuries  according  to  which  of  these  two 
canses  has  given  rise  to  it.  Whore  it  results  from  overwork,  the  growth 
in  bulk  is  owing  to  an  increase  in  the.  number  oi  the  muscular  fibres,  while 
if  it  is  the  result  of  increased  blood -suj>plfj,  the  enlaigement  is  usually 
due  to  increase  in  Iheir  hulk.  The  size  of  the  individual!  fibres  apfjar- 
ently  does  not  become  augmented  from  an  increase  of  the  work  done.' 

The  compensatory  enlargement  of  the  opposite  kidney, 
when  one  is  rcmovetl,  is  often  quoted  as  a  most  striking  instance  of 
hypertrophy  from  overwork.  Yet  it  would  seem  that  this  enlargement 
is  not  an  hypertrophy  at  all  There  are  certain  kidneys  which  are  con- 
genitidly  liu-ge  and  single.  Here  the  enlargement  is  utiiloubtedly  due 
to  kidney  sulwtance.  The  two  kidneys  are  combined  iii  one,  while  the 
tubes  and  other  histologicid  elements  are  of  nattinil  dimensions.  This 
is  not  hypertrophy  in  the  true  sense,  but  simply  a  congenital  fusion 
of  the  two  organs.  When,  however,  the  one  kidney  is  excised  in  an 
Animal,  or  when  it  is  destroyed  in  Man,  the  other  certainly,  within  a 
very  short  time,  enlarges,  and  the  vulgar  interpretiition  of  this  is  that 
it  has  h^'jjcrtrophied  from  overwork,  llosetistein  (No.  13,  vol.  liii.  p. 
141)  and  others  have  conclusively  shown  that  there  is  no  real  hyjicr- 
trophy  of  the  gland  elements,  b>it  a  mere  dilatation  of  the  blood-vessels 
Ivmphatic  spaces. 

Sometimes  the  connective  tissue  becomes  h}i>ertrophJed  uiiiver- 
wUy  in  a  part  or  organ.  This  happens  in  the  muscles  of  the  calf  of 
the  leg  in  |>8eudo-hy[)ertrophic  [wiralysis,  and  sometimes  throughout  a 
whole  hemisphere  of  the  bniin  as  an  effect  of  a  tumour  situated  in  some 
{Wrt  of  it.  If  the  increase  is  uniform,  it  may  justly  enough  be  called 
an  hypertrophy  of  the  connective  tissue  of  the  part. 

I  Tb*  tmlaTgeinent  of  the  utenu  In  prrgnanoy  ia  cliiefljrdne  to  a  namerical  increoM  of 
tb<  muKalur  fibre.  It  ii  rjuixtioniibla  whnt  tli«  imraediftte  okuxe  of  Uie  hypertropliy  in. 
la  byjicrtropliied  Bitcrioe  the  iQcrcosc  u  also  QotnericiLl. 


CHAPTER   XI 

THE  INFILTRATIONS  AND  DEGENERATIONS 

A,   THE  ISFILTRATIONS 

122.  Definition  of  an  Infiltration. — An  inJUtraiim  u  a  procrat 
hy  vhkh  a  mbttancf  normally  rjistimj  in  the  body,  or  foreign  to  it,  ia  pound 
iaio  a  tiuu«  or  organ  from  triVAou/,  vhirh  dou  not  mctttniily  duUvjf  iti 
ntaUijf,  but  merdj/  afffdn  U  mrcluinkaUy  tty  prttmre  or  otktrvm. 


Vj 


Fatty  Infiltration. 

1*23.   Definition. — By  fatty  injUiration  is  nuani  thf  production  of  o9* 
in  tfu  intnior  (f  a  rrll  from  miiterials  furnislud  from  ttntlwut. 

It  is,  therofort!,  quite  a  different  process  from  fatty  degeneration  orj 
fouiamorfkont,  which  implies  the  dcAth  of  the  coll  or  fibre  affected  by 

and  it«  transformation  into  oil. 

It    occims    naturally    in    connoctivs , 
tissue  cells  in  the  deposition  of  ordinary^ 
adipofic  tisflue  (Fleming,  No.  XIV.  vol. 
vii.  p.  32).     According  to  Fleming,  the 
carbonaceous   material   from  which  the 
d.  oil  ia  derived  circulates  in  the  blood  in 
the  form  of  a  soluble  comi>ound.     The  J 
dilution   leaves   the  vessels    and   soaksj 
into  the  connective    tissue    corpusclo&l 
They  absorb  it,  and  free  oil  globules 
precipitated  in   the  protoplusui  of 
celL 

The  same  pixwoss  takes  plac6  j)h^(nih\ 
logically  in  the  liver,  and  it  is  only  when 
it  is  excessive  that  the  condition   bo- 
comes  pathological. 
Histological  Characters  of  a  Fatty  Infiltration. — Let  us 
select  for  the  pur])08i.'  uf  illustration  the  familiar  example  of  the  fattily 
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rta.  M.— P*rruT  Un>u.nuTu>  Uvut- 

CaLufxMO  DuHK.) 

(«)  flnt  <Us*.  «bn«  Uic  global*!  an 
Hmll  and  nf  rnrtmui  kIam  ;  <h)  uvnnil 
■tftg*.  wbi«r*  iXifj  liAVK  pariijr  mo  U>' 
trtlMr:  (r)  Uilnl  aUg*.  wbtfc  Uicy 
!■•*«  ran  lulu  t  •Inicl*  (lobula ;  (tf) 
tBuith  tUKr,  wbcr*  tkto  clotiol*  bx 
>Uirt«tjil«l  Uw  plotoptMm  of  Ui«  Mil. 
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infiltrated  liver  cell.  The  first  step  in  this  process  is  the  ajipearance 
of  several  small  globules  of  oil  in  the  protoplasm  of  the  cell.  They 
are  of  unequal  size,  this  l)cing  chnracteristic  of  the  fiittj  infiltration  as 
contrasted  with  the  con-esi.Kinding  degenerution.  The  oil  gloLules,  in 
course  of  time,  grow  larger  and  coalesce,  so  as  ultimately  to  form  a 
single  giant  globule.  The  latter  distends  the  protojilasm  of  the  cell 
80  that  it  is  stretched  round  it,  and  pushes  the  nucleus  to  one  side, 
whore  it  becomes  flattened  from  compression.  The  cell  protoplasm 
may  rupture  and  allow  the  oil  globule  to  csajpe^  Imt  this  is  unusual, 
Even  when  it  does  so,  the  cell  does  not  appear  to  lose  its  vitality,  but 
closes  in  again  and  resumes  its  functions.  As  a  rule,  however,  the 
oil  becomes  absorbed,  and  is  thus  got  rid  of  without  there  being  any 
rupture. 

Causes. — Forced  rest  and  an  excessively  rich  carbonaceous  diet  are 
the  commonest^  but  the  reader  is  referred  to  the  causes  productive  of 
fatty  liver  (vol.  ii.)  for  a  fuller  summary. 


The  Wax-litce,  Lardaceous,  Asiyloid,  or  Albumenoid 

DiSKASE. 

124.  Definition. — 77m;  injUtration  into  an  organ  iir  tissue,  of  a  pteuliar 
fortign  and  ixlid  subdance  luimnif  a  crmtpos'it'wn  identical  uHh  albumin. 

General  Characters. — The  substance  gives  to  the  infiltrated  organ 
or  tissue  a  peculiar  dry  glossy  lustre,  like  that  of  a  wax  cast^  It  ia 
hard,  and  hence  organs  infiltrated  with  it  are  peculiarly  rigid.  The 
rigidity,  however,  is  not  like  that  resulting  from  filjrous  overgrowth, 
for  the  tissue  is  extremely  ehistic,  and  readily  recoils  when  a  depression 
is  made  upon  it  with  the  finger.  The  affected  orgjin  is  usually,  but  not 
always,  much  enlarged,  and  its  borders  have  an  infiltrated  appearance ; 
■o  that  the  thin  attenuated  anterior  edge  of  an  organ  such  as  the  liver 
becomes  more  or  less  bluntly  wedge-shaped.  If  the  organ  is  small  in 
size,  the  disease  is  usually  combined  with  an  excess  of  fibrous  tissue. 

Chemical  Nature. — The  wax  like  substance  is  of  high  specific 
gravity,  and  does  not  readily  decompose  when  exposed  to  the  atmo- 
sphere. It  is  not  acted  upon  by  the  gastric  juice,  and  this  circumstance 
hiu  been  taken  advantage  of  by  Kiihn<i  and  RudnefT  (No.  13,  xxxiii. 
p.  66)  for  the  purpose  of  isolating  it  from  the  surrounding  parts. 
When  isolated  and  pure  it  forms  an  almost  snow-white  precipitate 
which  gives  much  the  same  reactions  as  when  in  the  tissue*.  It  is 
soluble  in  ammonia  and  in  strong  hyilrochloric  acid,  but  quite  insoluble 
in  dilute  acetic,  hydrochloric,  or  sulphuric  acid.  It  does  not  dissolve 
when  boiled,  nor  when  treated  with  dilute  solutions  of  potash  or  soda ; 
but  with  a  larger  proportion  of  alkali  it  forms  a  soliuiuti  and  is  de- 
stroyed. Its  percentage  composition,  according  to  Schmidt  (No.  20, 
ex.  p.  250),  and  Friedreich  and  Kckule  (No.  13,  xvi.  p.  50),  is 

C53  -  6,  H7.0,  Nlfi.O,  &  0  &  S  24.4. 
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Gamgee  (No.  21)  gives  the  following  as  the  average  composition  of 
albumin : — 

Ctii  H6.9,  N15.2,  0  20.9,  &  S  0.3. 

It  will  thus  be  ob8or\'e«l  that  in  regonl  to  its  component  elements 
it  |ir,i(tiviillv  corresiwiids  with  albumin. 

Microscopically  examined  it  is  inlourless,  without  definite  struc- 
ture, and  translucent  like  obscure  glass  (see  PI.  I.,  Fig.  21).  Where- 
ever  it  occurs  it  is  di8trihut«d  in  small  particles,  not  in  Lirgc  uniform 
masses,  and  it  is  these  which,  when  set  free  by  artificial  digestion, 
impart  to  the  residue  the  character  of  a  fine  precipitate. 

125.  Reactions. — It  gives  peculiiy  reaction.^  \vith  certain  staining 
fluids.     They  are  not  merely  :<ilains,  but  distinct  reiulions. 

(1)  Iodine. — Solution  of  io<line  in  iwlide  of  potassium  and  water 
gires  a  dark  mahogany  brown.  The  solution  simply  requires  to  be 
dropped  over  the  cut  surface  of  the  organ,  and  allowed  to  lie  in  contact 
with  it  for  half  a  minute,  when  the  deep  brown  stain  will  show  it«el{ 
if  the  organ  is  waxy.' 

Micio-scopically  the  characteristic  dark  mahogany  brown  colour  is 
seen  only  with  direct  light  (see  PI.  I.,  Fig.  22).  With  transmitted 
light  it  appears  nuihogany  red  (see  PI.  IL,  Fig.  2.1). 

(2)  Mim  ai^d  Sulphuric  Acid. — \Mien  carefully  applied,  these  re-| 
agents  sometimes  give  a  blue  reaction  (ace  PI.  II.,  Fig.  24).  The  tost  i 
extremely  uncertain,  however,  and  depends  for  its  success  a  good  dsal  | 
upon  the  strength  of  the  solutions.  The  majority  of  wax-like  organs 
do  not  give  a  reaction  with  iheni.  It  is  nuly  occasionally  that  it 
forthcoming,  and  hence  it  would  seem  iis  if  the  sUiin  were  duo  to  some 
accidental  impurity,  such  as  cholesterine.  On  account  of  this  blue 
reaction  it  was  supposed  by  Virchow  (No.  1.3,  vi.  p.  416)  that  the 
wax-like  substance  was  of  the  natiu-o  of  vegetable  CCllulosC  or 
an  animal  starch,  and  hence  ho  named  it  amyloid.  Vegetable 
cellulose,  when  treated  with  iodine,  gives  sometimes  a  brown,  at  other 
times  a  yellow  colour.  The  further  luldition  of  dilute  sulphuric  acid 
strikes  a  blue. 

Doettrher  apecially  recommends  the  following  procedure  in  order  to  procoie  the 
blue  nMrtiou  : — 

Stain  th«  acrtiun  until  the  resction  \»  evident,  but  not  too  deeply,  in  a  tolntion  of 
iodine  compodcd  of  iodine,  25  grin.  ;  potiusic  ioiiide,  h  fpm.  ;  water,  lOOi'.c.  Traat 
It  »ul»M<(|urutly  with  dilute  Rulpharic  acid  of  the  vtrength  of  7  to  8  civ  to  100  c.c  of 
water.  Thi-  great  necret  in  obtaining  the  reaction  is  to  employ  the  two  aolutiona  wry 
WmIc.  If  tlie  iodine  stain  in  at  ail  deep  it  gives  a  greeuiab  hue  to  the  section.  Tbs 
eolovr  onglit  to  be  a  bright  azure,  and  is  always  moat  vivid  when  examineil  in  tht  { 
ralphuric  acid  mixtnre.     The  function  should  be  viewed  with  traaninitted  light 

When  cholesterine  crystals  are  stained  with  iodine  and  subse- 
quently treated  with  oil  of  vitriol  they  give  a  bhio  reaction  of  exactly 
the  same  tint  as  that  which  is  obtained  with  iixline  and  sulphuric  acid 

I  Sonirtliup*  till'  wuy  niileen  pr<>*  •  jwrfectly  blnr-)<liu:k  utahi  ia»\Mu\  of  the  luaal 
dark  bruwu.      Frimlreicii  (^>c.  cU.)  deacribM  a  caw  of  thin  kind. 
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from  the  amyloid.  The  reaction  commences  at  the  edge  of  the  crystal 
and  spreads  inwards  very  much  as  in  a  mass  of  the  arayloitl.  Wax- 
like organs,  moreover,  contain  a  large  projKirtion  of  cholesterine,  so 
that  in  the  early  history  of  the  pathology  of  this  disease,  Meckel  (No. 
22,  iv.  p.  264,  1853)  was  led  to  suppose  that  the  wax-like  substance 
was  alike  in  its  nature  with  cholesterino. 

(3)  Afctkfjl-vioUt,  Geniian-vioUt,  or  Violet  of  Paris  (Jiirgens,  Heschl, 
and  Cornil,  Sect.  43)  gives  by  far  the  most  chanicteristic  reaction. 
The  wax-like  parts  stain  of  a  ro.se-pink  colour,  irhile  the  other  jiarts 
colour  of  different  shades  of  purjile  or  blue  {see  PI.  III.,  Fig.  25). 

(4)  Mtthifl-cirtfn  (Cui-sehmann,  Sect.  43)  gives  a  somewhat  similar 
reaction,  but  the  colours  arc  not  quite  so  brilliant. 

(5)  Cnrmiru:. — The  wax-like  substance  readily  stains  with  it,  but  does 
not  give  any  distinctive  reaction. 

126.  Infiltration  or  Degeneration? — Some  years  since,  the 
disease  was  almost  univers;illy  regarded  as  a  degeneration  of  the 
natural  cells  ami  fibres  of  the  part.  Even  so  lately  as  the  year  1878 
it  wa«  maintained  by  Boettcher  that  the  disease  in  the  liver  is  mainly 
a  degeneration  of  its  cells.  This  view  \n\\  not  recnmmcnd  iUelf  to 
the  majority  of  pathologists  at  the  present  day  who  have  enijiloyed 
methyl-violet  as  a  staining  reagent.  In  no  case  do  the  liver  cells  seem 
to  swell  and   become  distended   with  the   translucent    homogeneous 

^  substance.  Such  might  be  expected  were  the  new  material  a  jjriHluct 
of  their  degeneration.  In  colloid  degeneration  the  accunudution 
of  the  sulxstance  within  the  protoplasm  of  the  cell  is  readily  ajuKirent. 
A  piece  of  waxy  substance  is  sometimes  seen  adherent  to  a  cell,  and 
may  lie  mistaken  for  a  degeneration  of  the  cell  protoplasm.  Boettcher 
Mems  to  have  fallen  into  this  error.     Parts  which  lie  adjacent  to  a  mass 

I  of  amyloid  frequently  give  the  reaction  at  the  point  of  contiguity,  from 
the  latter  having  iwjaked  into  them. 

Relation  of  Blood-vessels  to  the  Amyloid.  —  The  small 
arteries  are  almost  without  e.vieption  the  structures^  in  which  the  new 
dubstance  first  ap|>ear8.  The  muscular  coat  liecomes  thickened,  trans- 
lucent, and  homogeneous ;  the  fibres  disappear  from  it ;  and  the  lumen 
of  the  vessel  at  the  same  time  contracts  (PI.  III.,  Fig.  25,  c).  The 
largo  arteries  are  usually  unaflFected.  Soon  the  arterial  capillaries  are 
•lUToundod  by  the  effusion,  and  their  channels  become  similarly  narrow. 

127.  Causes.  —  Exhausting  sujipunitive  diseases,  pulmonary 
phthisis,  carious  necrosis  of  lone,  and  chronic  syphilis  seem  to  be 
peculiar  in  predisposing  to  it. 

1 28.  Seats. — The  liver,  spleen,  kidney,  stomach  and  intestine,  and 
heart  are  the  commonest,  but  it  is  also  found  in  the  oesophagus,  musi^lcs 
of  the  tongue,  lymphatic  glands,  the  tissue  of  the  lung  in  rare  cascs, 
the  skin,  and  occasionally  in  the  supia  renal  caitsules.     It  has  been 

I  found  aaa  tumour-like  mass  in  the  conjunctiva  altered  by  inflammation, 
and  as  a  similar  mass  in  the  tongue,  as  well  as  in  tumours  of  bone 
i  aod  of  xht  stomach. 


170 


THE  INFILTRATIONS  AND  DEGENERATIONS      part  ii 


1 29.  Amyloid  or  Colloid  Bodies. — These  peculiar  products  are 
found  in  tho  central  nervous  system  in  various  diseases,  such  as  loco- 
motor  ataxia,  chronic  epilepsy,  etc.  They  are  usually  specially  abundant 
in  the  pia  mater  surroiimiing  the  medulla  oblongata.  The  degenerated 
posterior  columns  of  the  cord,  in  locomotor  ataxia,  contain  them  in 
abujidancc.  Similar  bodies  are  found  occiisionally  in  various  diseased 
conditions  of  the  lung,  particularly  in  emphysema,  They  lie  embedded 
in  the  tissue  of  the  air-vesicles.  The  prostatic  ducts  are  also  sometimca 
filled  with  them.  They  are  oval  or  round  in  shape,  and  sometimes 
exhibit  concentric  markings  like  a  starch  corpuscle  with  a  little  cavity 
in  the  centre.  They  give  a  deep  lii-own  reaction  mth  iodine,  a  bright 
blue  with  iodine  and  sulphuric  acid,  and  a  pink  with  methyl-violet  (Zuhn). 
They  also  colour  deeply  with  camiine  and  logwood.  Hot  water  is  said 
to  dissolve  them.  They  appear  to  be  of  the  nature  of  concretions,  but 
how  they  are  produced  is  unknown. 

Eound  or  oval  bodies  like  the  above  sometimes  originate  from  am- 
traded  iixis-cf/linders  in  the  spinal  cord  and  brain.  They  are  described 
more  fully  under  "myelitis."  They  must  not  bo  confounded  with  the 
former. 

Artificial  Amyloid. — If  a  spinal  card  be  hunf;  X3\)  in  spirit  for  a  few  months, 
more  csju'cially  if  it  lias  not  bcon  out  into,  c^naittitiea  of  a  mattrial  like  thf  Koaey 
will  be  found  to  Imve  formed  in  it.  Tliis  sub-rtance  is  trauslncent  and  mont  c«ni- 
inonly  occurs  in  irregularly  rounded  masses  within  tho  white  columns  or  gray 
matter.  Sometimes  roundotl  bodies,  uxautly  liko  tho  amyloid  or  colloid  Ivodics  ju«t 
described,  become  located  in  abundance  immediately  umlrr  the  membranes  or  within 
the  nerve  roots.  The  nerve  culls  may  even  undergo  a  sitiiilar  change  and  anrell  up 
into  globular  or  pyriform  Iwdies  of  great  size.  CuriouiiU',  the  substance  bo  formed 
gives  all  the  reactions  of  tho  wojcy,  and  is  indiatiDguishable  from  it  so  far  as  micro- 
scopic I'haracters  go.  There  is  not  the  slightest  doubt  that  the  substance  is  an 
artil3ci.ll  i>roduct,  although  it  has  been  frequently  described  as  aoraothing  morbid. 

When  tlie  degeneration  is  not  complete  the  masses  have  a  faintly  granular  appear- 
ance. The  ordinary  amyloid  bodies  are  found  in  the  fresh  nerN-e  centres,  these  are 
not.  The  pink  stain  which  mcthyl-violot  elicits  (see  PI.  III.,  Fig.  26)  is  evanescent 
and  disapi>caTa  in  a  few  days,  while  in  tru«  wax-like  disease  it  is  permanent  Cells 
degenerate  into  this,  but  no  such  thing  happens  in  amyloid. 


R  THE  DEGENERATIONS. 

130.  Definition. — A  degeneration  is  any  process  wherehy  a  eeSj 
dement  or  tissue  undergoes  siich  molecular  changes  that  it  can  no  longer 
maintain  its  fundi&iuU  luiiviiy,  and  eitlter  separates  into  Us  organic  con- 
stituents or  gives  rise  to  the  formation  of  a  new  product  at  the  expense  of  its 
own  substance. 

Atrophy  (a,  priv^  rpoijn].  Nourishment). 

131.  Just  as  the  term  hypn'trophj  does  not  signify  simply  enlarge- 
ment of  an  organ  or  tissue,  so  that  of  atrophy  cannot  be  applied  in 
logical  sequence  to  mere  diminution  iti  size.     In  fact,  diminution  in  size 
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is  by  no  means  a  constant  featiire  of  atrophy.  The  wax-liko  liver  is  of 
huge  dimensions,  and  yet  is  in  a  state  of  extreme  atrophy  ;  the  fine 
variety  of  cirrhotic  liver  is  also  enlaj'ged,  but  much  atrophied.  The 
diminution  in  size  commonly  seen  in  atrophic  organs  is  simply  one 
attribute  of  the  atrophic  stat«.  If  atrophy  is  defines!  as  mere  loss  of 
subirtancc,  it  might  he  argued  that  the  vacuity  left  when  a  part  is  cut 
out  with  the  knife  constitutes  atrophy.  The  removal  of  substance  from 
many  jxirts,  commonly  said  to  be  atrophic,  is  cfFeuted  by  fatty  degenera- 
tion, and  although  this  is  a  natural  process,  still,  essentially,  it  does  not 
differ  from  removal  of  the  part  by  artificial  means.  The  loss  of  sub- 
staoce  from  a  bum  is  not  atrophy,  but  if  the  resulting  cicatrix  contract 
to  as  to  exert  injurious  pressure  and  cause  a  limb  to  shrink,  no  one 
would  deny  that  this  is  a  true  examjile  of  the  process. 

What  definition,  then,  can  we  give  of  the  condition  J  It  is  essen- 
tial to  have  some  clwir  understanding  of  what  is  niestnt  by  it,  as  the 
term  is  at  present  apjDlied  to  all  manner  of  different  processes  in  hope- 
less confusion,  simply  K-causo  they  have  been  accompanied  by  loss  of 
substance.  The  author  pro{x>sea,  therefore,  to  limit  the  term  to  lesions 
which  come  under  the  following  defimtion  : — 

Definition. — Atntphj  is  Uu  diminution  in  *i^<'  ur  absolute  destruction 
of  a  jxirt  whicfi  results  from  direct  ami  amlinuims  over-pressure  whfre  the 
blood  tupply  is  not  deficient. 

It  is  not  a  direct  effect  of  malnutrition.  Malnutrition  gives  rise  to 
fntiy  degeneration,  bat,  in  true  atrophy,  the  parts  which  are  consumed 
do  not  become  fatty.  They  undergo  the  characteristic  changes 
presently  to  Ive  clescribed. 

It  must  be  borne  in  mind  that  before  a  part  can  become  atrophic 
it  must  have  been  fully  <lcvelopetL  Arrested  development  is  not 
atrophy. 

The  mutual  pressure  of  the  liquids  and  solids  in  the  body  is  care- 
fully lialanced.  The  heart  and  arteries  exert  pressiu-e  from  within  ; 
the  skin,  fascite,  and  muscles  are  sufficient  to 
compromise  this.  The  arterial  pressure  of 
the  brain,  for  instance,  is  balanced  by  the 
counter-pressure  of  the  cerebro-spinal  fluid 
•nd  the  skull.  There  undoubtedly  exist«  a 
■iinilar  balance  between  the  arterial  pressure 
and  the  tissues  throughout  the  whole  body. 
Under  this   amount  of   pressure  they  can 

exist,  proliferate,  and  grow,  but  whenever  it  Lit»«  m  DirrKMirr  stAoi 
is  augmented,  either  from  vascular  or  from   !"«"«""■"•  (^  «»«■»>'«■) 
otbor  causes,  even  although  they  are  abundantly  supplied  with  blo<N|, 
th»y  dsgcnerato  in  a  peculiar  and  specific  manner.     The  term  atrophy 
is  htm  employed  to  indicate  this. 

Tissue  Changes. — The  changes  in  a  cell  or  fibre  which  are 
eharacterixtic  of  atrophy  consist,  in  the  first  place,  in  its  losing  its 
regokr  ontUne  and  shrinking.     The  shi-inking  advances  until  the  cell 
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is  reduced  to  a  small  granular  body.  The  granules  lose  their  cohesion 
and  sejmrate ;  they  are  absorbed,  and  in  this  way  the  cell  is  remove*!. 
There  is  no  fatty  degeneration,  no  formation  of  compound  granuUr 
coqmscles. 

Three  instances  of  atrophy  may  be  quoted  in  which  undue  pniuura 
is  exerted  upon  the  tissues,  but  by  different  agents : — C'yanotic  atrophy 
^  of    the    liver,  wax -like  diseano  of 

the  liver,  and  cirrhasis  of  tho 
heart.  In  tho  first  of  these, 
pressure  is  exerted  u|)oii  the  liver 
cells  by  the  distended  capillaries 
of  the  hepatic  vein  (vol.  iL),  and, 
notwithstanding  that  the  blood 
supply  is  more  than  abundant, 
the  cells  of  the  organ  are  unable 
to  maintain  their  integrity.  In 
the  second,  the  pressure  is  effected 
by  the  raassea  of  waxlike  sub- 
stance ;  while,  in  the  third,  it  is 
duo  to  tho  contraction  of  the 
young  cicatricial  tissue.  In  none 
of  them  are  the  parts  destroyed 
by  fatty  degeneration.  Many 
other  examples  might  l>e  quoted. 

Tho  cause  of  the  atrophy  in  these  cases  undoubtedly  is  prfasure^  bat 
it  should  bo  noticed  that  in  the  whole  of  them  the  pressure  is  con- 
tinuous. Intermittent  pressure,  as  Paget  (No.  23)  has  pointed  out, 
occasions  hypertroj)hy. 

Cloudy  Swelling. 

132.  This  degeneration  was  dcscriViod  by  Virchow  in  thfl  ymc  1847 
(No.  13,  i.  p.  IG5)  as  wcurring  in  various  cells,  more  eapeetaUj 
where  the  organ  is  in  a  »liite  of  what  he  designated  parenchymatous 
iuflummiition.  The  various  secreting  and  excreting  epithelia  and 
niUHciilar  tihrcs  arc  most  commonly  affected  by  it. 

Definition. — A  precipitation  of  albwnin  in  a  findy  ijritnular  fvrm  in 
a  »U  <JT  jVire  by  ichieh  it  becomes  twollm,  itt  tubBtanee  dusky,  and  iU  out- 
line indUtind. 

Febrile  states  of  the  body  accompanied  by  high  temperature,  are 
liiibjc  to  give  rise  to  it  in  muscular  fibres  and  certain  gland  cpitheUa. 
It  is  also  said  that  in  [)oi8oning  by  carl)onic,  phosphoric,  and  anenious 
acids,  the  tissues  show  a  similar  gninniarity.  It  is  most  tyfiically 
seen,  however,  in  tho  colls  of  an  inflamed  part,  such  ris  the  epithelial 
cells  which  doajiumiote  in  catarrhal  affoctions  of  tho  kidney.  In 
acute  yellow  atrophy  of  tho  livor  and  in  acute  myocarditis,  t^e  con- 
dition is  also  [irest-nt  in  the  liver  cells  and  muscular  fibres  respectively. 

The  cell  or  fibre,  when  affectetl   by  the  degeneration,  swells  and 
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becomes  granular.  The  grunules  are  very  small,  so  that  the  cell 
BMumes  a  finely  peppered  appear.vuce.  The  iiucUhis  i»  hidden  from 
view,  and,  in  the  case  of  muscle,  the  Btriie  disappear.     Acetic  acid  or 


I'm.  H>.— CukVOT  awRtuva  or 
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Fio.  W.— Same  TiuuTto  witb 
Acme  Acio. 


Holittion  of  potash  dissolves  the  preeijHtato  and  Icsives  the  ])rotopla8m 
clear  and  transparent.  The  granularity  is  in  all  probability  caused 
by  precipitated  alkali-albumin. 


Fatty  Dkgknehation, 

139.  Definition. — A  diemkal  duirujf  in  a  cell  or  filne  by  ichich  U 
beetntt  itstrvijtil  fiifiii  IJu-  conversion  of  ih  albumins  ttr  proteid  eonslituenis 
inio  oil 

It  must  not  Ihj  mistaken  for  fatty  infiltration — a  totally  different 
proeesB  described  under  "  Intiltrations." 

Textural  Chang^es. — When  «  cell  or  fibre  is  alwut  to  become 

ty,  the  first  |)ercoptible  sign  of  it  is  a  cloudy  swelling,  an  albuminous 
precipitate,  in  itii  substance.  The  albuminous  jwrticlea  ai'e  soon 
replaced  by  minute  oil  globules,  few  at  first, 
but  rapidly  incrwising  in  number.  Thoy  aie 
scattered  throughout  the  cell  protoplasm,  and 
are  held  together  simply  by  a  little  of  the 
rcmatna  of  the  cell  substance.  As  the  cell 
becomes  n>ore  and  more  fatty,  its  angles  dis- 
apiMsu*  and  it  aasumoa  a  rounded  sha]>e.  At 
the  same  time  it  enlarges  so  as  to  form  a  larg<' 
globular  mass. 

The  name  campoutui  tjfanular  earjmscle  is 
given  to  it  when  it  reaches  this  st^ige.  It  was 
formerly  designated  an  injlummuU/ri/  re.ll  by 
Gluge,  but  thia  term  has  now  become  anti- 
quated. 

The  compound  gramtltir  curptucUs  are  larger  than  the  cells  from 
irbich  they  have  arisen,  and  liencc  ii  fattily  degenerated  tissue,  before 
kbwir^ition  of  the  fatty  |)roducts  has  commenced,  is  usually  builder 
than  in  its  original  state.     In  course  of  time  the  coniiiound  granuhir 
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corpuscles  fall  to  pieces,  and  their  debris  is  absorbed.     As  a  con- 
sequencp,  of  course,  the  part  shrinks. 

Causes. — (1)  Malnutriivm  is  the  commonest,  and  may  be  local  or 
gcnenil.  Cimninghani  (No.  24)  has  shown  that  when  tadpoles  or 
mucorine  fungi  are  kept  in  distilled  water  and  deprived  of  any  source 
of  nourishment,  the  dcgenenition  which  follows  in  their  tissues  is  of 
u  fatty  nature.  AVhen  the  hlood  beforaes  poor  in  quality,  a*  in  per- 
nicious ana?miii,  the  muscular  tibro  of  the  heart  suffers  from  fatty 
degeneration, 

(2)  Phosphrrous  p(nsoning  occasiona  a  fatty  condition  of  the  heart 
and  other  muscular  fibres,  of  the  kidney,  epithelium  of  the  lur 
peptic  glands,  liver,  termiruil  arteries,  etc.  The  process,  according  toH 
Wcgncr  (No.  13,  Iv.  p.  2),  is  a  true  fatty  degeneration — that  is  to 
say,  a  transformation  of  the  albiuuins  of  the  tissue  into  oil.  It  wwj 
doubtful  for  long  wliether  the  condition  of  the  liver  was  a  fatt 
degeneration  or  an  infiltration.  That  it  i.s  a  tnie  defeneration  of  the 
liver  sulistiinco  apjwars  now  to  be  settled  l)y  the  o]>ser\ation8  of 
Wegner  {loc-.  cxf.),  Vetter  (No.  13,  liii.  p.  1G8),  and  Meyer  (No.  13, 
xxxiii.  p.  296).  In  chronic  cases  the  disease  of  the  liver  seems  to 
end  in  cinhosis.     How  the  phosphorous  acts  is  not  known. 

(3)  In  ehild-l>eil  the  mother  sometimes  sufTors  from  an  acute  fatty 
degeneration  of  the  tissues  accompanied  by  jaundice.  In  newly-lx)ni 
chililron  a  similar  acute  fatty  transformation  occasionally  occurs,  often 
accom^wnicd  by  uncontrollable  hiemorrhage  from  the  lunbilicus. 

(4)  IPTiere  a  nerve  fibre  is  separated  from  itt  trophic  nerve  cell  it  suc- 
cumlis  to  fatty,  or,  as  it  is  called,  "  secondary "  degeneration  (mo 
Nervous  System). 

Tests  for  the  Presence  of  Oil  in  a  Tissue. — (1)  Glacid 
acetic  acid  or  cold  liquor  j»otju<4sa%  when  applied  to  a  microscopic 
section  of  a  tisAuo  containing  oil,  does  not  dissolve  the  hitter. 

(2)  If  the  tissue  is  soaked  first  in  alcohol,  an<l  siilisequcntly  in 
ether,  especially  boiling  ether,  the  oil  reatlily  dissolves. 

(3)  Solution  of  pcrosmic  acid  (i  per  cent)  blackens  it. 

(4)  The  oil  globules  with  transmitted  light  have  a  clear  centre 
and  a  very  dark  border,  so  that  they  give  to  the  part  an  almost  bhick 
appearance. 

CoLUUD  (koXAo,  Glue  or  Jelly,  and  tl&os,  a  lUaemblanee). 

134.  Definition. — A    defeneration    by    which    eellvlar 
especially   Um.'o-  of  an   epithelial  iijpe,  become   converted    into   a  ptculi 
tlruttureless  »ttni  solid  mh»tijnre  nf  homogeiieous  jelly-like  contittence. 

It  is  particularly  liabl<>  tn  affect  cpithclia  lining  ducts  or  vesicle 
whose  outlets  arc  n.iturully  closed  or  have  l)econie  so  by  disease.  Thp 
rexiclcs  of  the  thyroid  Ixxly  always  cont^n  some  of  it,  and  occauionally 
it  increases  so  as  to  form  a  species  uf  goitrous  tumour.  All  canoerou 
tnmoon  are  subject  to  it,  especially  those  of  the  gastro-int«8tinal  tnct. 
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Pio.  03.— Colloid  Oe> 

OCHEKATIOM  Of  TUE    KPI- 


Colloid  occurs  in  the  tubes  of  the  kidney  in  varioas  diseases,  giving 
_ri8e  to  what  are  knowii  as  liyaline  casta.     Cystic  ovarian  tumours 

jetimes  contain  large  quantities  of  it. 

It  is  either  a  hard  gelatinous-looking  substance,  or,  as  happens  in 
ovarian  tumours,  it  is  soft,  semi-liquid,  and  stringy  or  ropy.     When 
the  degeneration  affects  cancerous  tumours,  the  substance  is  of  fii-m 
consistence,  so  that  they  cut  with  a  clean  edge. 
It  usually  has  a  faint  bluish  or  yellow  colour,  but 
when  perfectly  pure  is  almost  colourless. 

Microscopically  examined,  it  is  homo- 
geneous or  faintly  stringy  looking,  and  sometimes 
the  masses  present  a  concentrically  striated  appear- 
ance. The  usual  colloid  degeneration  met  with 
in  cancerous  tumours  appear*  to  Ijo  entirely  formed 
from  the  epithelial  cells  of  the  tumour,  One  or 
two  globules  of  colloid  are  first  seen  in  the  proto-  "»««-'"•  Ceixb  or  *  Ca»- 
plasm  of  the  cell.  These  may  either  subsequently  j|^^(x400™i4m.^"' 
coalesce  to  form  a  single  globule,  or  several 
modurattily  large  globules  may  thus  originate.  The  cell  next  falls  to 
pieces,  and  the  globules  escajw  and  run  together.  Hence,  in  a 
icerous  tumour  the  alveolar  sjjiicos  in  the  stroma  are  filled  with 
cloar  homogeneous  sulistjince  and  the  colls  have  disappeared.  The 
na  does  not  appear  to  sutTcr. 

Iodine,  methyl-violet,  and  methyl-green  do  not  give  any  reaction 
with  this  sulistiince.     It  stains,  however,  readily  with  carmine. 

Chemical  Nature. — The  information  regarding  this  is  still  nii- 
Itisfactorj'.  It  apjHjars  generally  to  be  a  complex  and  uncertain 
nixturo  of    sevend    albuminous     and     albuminoid    substances.        It 

letimcfl   contains    mucin,    sometimes    not.      Its  mere  presence  or 
sence  cJinnot  be  held  as  distinguishing  this  degeneration  from  the 
mucoid. 

lArchow  (No.   13,  vi.  p.   580),  who  first  de««ril>ed   the  degenersi- 

tjon,  came  to  the  conclusion  that,  so  far  at  least  ae  regards  the  thjToid 

Inland,  it  was  an  alkali  albumin  precipitate«l  by  excess  of  chloride  of 

■■lodium.     Chloride  of  sodium  is  sometimes  present  in  excess  in  the 

thyroid  gland,  and  in  a  crystalline  form  (Kra\ise). 

Seherer  (No.  20,  Ixxxii.  p.  135)  found  a  peculiar  albumin-like 
BobsUuice  in  the  ropy  vi»cid  fluid  from  an  ovarian  cyst  which  he 
named  jmraHmmin. 

Hoppe-Seyler  discovered  that  such  ovarian  cysts  also  contain  a  sub- 
»>t  lug  the  reactions  of  grape-sugar.     He  looks  upon  it  as  allied 

t-.      .         II. 

135.  Colloid   Deg^eneration  of    Muscle. — Zenker  (No.    2)  has    ducribed   a 
fonii  of  colluid  drii^'n«nilion  occurring  in  muscles,  e«[*rially  in  the  ttd- 
I  of  tlie  thigh  and  the  flnt  muscles  of  the  alxiominal  wall,  in  ty]ihoid  fover, 
:  U  alao  (oond,  to  a  leas  extent,  in  the  same  localitiiis  in  tetanos,  smsU-pox,  and 
il»t  ferer.     B«nnett  long  ago  drew  attention  to  this  degeneration  as  a  load 
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prooaH  in  the  neighbourhood  of  •  aaroomatoua  tumoar.    The  letion,  in  bet,  wu 
disoovered  by  Bowmaii  in  the  year  1S41. 

Tlie  degeueration  consists  id  a  tniDsfonnatioa  of  the  sarcona  substance  of  the 
fibre  into  a  hyaline  stnictureleM  materia]  which  accumnlates  in  itregnUr  iuaaw* 
within  the  sarcolcmma  and  distends  it  Nothing  in  known  of  the  clicniioal  iloconi- 
position.  The  dcgeiivration  ^ves  to  the  affected  moscle  a  pale  auiemic  appearance, 
almost  like  fish-inaacle  (Zenker). 


Mucoro  OR  Myxomatous  Degeneration  (jtv$a,  Mtuvs). 

136.  Definition. — A  degmtration  chiefly  of  connecHvt  tiaaues  ekar- 
achrised  by  Ike  transformation  of  the  nuitrix  into  a  jelly-like  tubdanu 
amtaining  mucin.      In  apitearance  the  degenerated  tissue  much   re- 


■— *. 


A 


F(o.  41— Uocoin  DBOExnuTioif  or  «  8*iicoiutoo>  Tdmoob  saowura  a  Mtxoiiatooi 
8rikc>(x40  UtAJU.) 
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lenibles  that  affected  by  colloid,  but  has  more  of  a  trembling,  jelly- 
like  aspect  Ip  )/he  ioetus,  at  un  early  period  of  life,  the  whole  of  the 
subcutaneous  m^a  -  tissues  consist  of  a  texture  highly  loaded  with 
this  8u)>stnncc.  The  Wharton's  jelly  of  the  umbilici  cord  and  the 
ritrwjus  humour  are  both  of  a  mucoid  nature. 

Patholugicuily,  it  is  mainly  a  degeneration  of  connective  tiome 
tumours,  and  may  affect  any  of  this  group,  such  as  the  fibrous,  nroo- 
niatoan,  cartilaginous,  or  fatty.  It  is  commonest  in  the  saroomatM,  and 
particularly  in  those  of  immediately  subcutaneous  origin. 
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General  Characters. — The  affected  i>art  has  a  peculiar  gela- 
tinous consistence.  In  the  case  of  a  myxomatous  svrcoma,  the  tumour 
often  projects  in  rounded  nmsses,  which,  on  being  cut  into,  allow  a 
quantity  of  semi-liquid  ropy  material  to  escape.  The  tumour  is 
never  equally  affected  by  the  degeneration,  there  being  angialar  spaces 
within  it  in  which  the  mucoid  is  chietly  contained.  The  intervening 
parts  may  present  the  ordinary  appearances  of  a  sarcoma. 

Microscopically  examined,  the  substance  is  quite  homogeneous 
and  perfectly  transparent.  It  is  .'^eldnm,  if  ever,  that  cells  degenerate 
into  it.  On  the  contrary,  they  seem  to  grow  readily  within  it,  .some- 
times to  huge  dimensions,  and  throw  out  numerous  branches.  It  ihua 
differs  from  the  colloid  degeneration,  in  which  the  cells  are  the  first 
element  attacked.  The  intercellular  substance  is  the  part  in  which  it 
first  shows,  and  more  particularly  does  it  seem  to  select  the  adven- 
titious coat  of  small  arteries,  along  which  it  spreads  so  as  to  leave  them 
dissected  out  in  a  transparent  Vjasis. 

Chemical  Nature. — It  appears  to  be  an  albuminous  complex, 
containing  mucin  in  (juatitity. 

Hyaline  Degeneration.  —  Under  this  designation  is  described 
A  {>eculiar  ghtssy  tninsformation  which  differs  in  certain  respects 
rfrom  the  wax-likc,  colloid,  or  myxomatous,  although  it  seems  to  be 
dosoly  related  to  the  second  of  these.  It  chiefly  all'ects  lymphatic 
glands  (Wieger,  No.  13,  Ixxviii.  1879,  p.  25,  and  Schiippel,  No. 
152)  the  vessels  and  neuroglia  of  the  brain  (Arndt,  No.  13,  xlix. 
Ib70,  p.  365),  and  the  stroma  of  epithelial  tumours  (Malassez,  No.  4, 
itnuxry^  February,  and  March  1883).  The  part  becomes  infiltrated 
witli  a  transparent  homogeneous  substance  particularly  within  and 
around  blood-vessels,  which  does  not  give  the  reactions  of  am3'loid  nor 
does  it  exhibit  the  histological  characters  of  the  mucoid.  It  differs 
from  the  colloid  in  K'ing  a  degeneration  chiefly  of  fibrous  tissues,  In 
the  brain-corte.x  it  sometimes  forms  extensive  hard  deposits  producing 
.  peculiar  cartilage-like  induration. 

PlOMKNTATION. 

137.  Most,  if  not  all,  natural  pigments  found  within  the  body  are 
derivatives  of  hiumogloliin,  i.e.  of  the  colouring  matter  of  the  blood. 
Certuin  pathological  pigments  are  ilirectly  derived  from  different 
coloured  secretions  and  excretions,  but  thei^u  primarily  owe  their 
origin  to  hemoglobin. 

Extraneous  pigments  find  their  way  into  the  diid}   from  various 


The  pathological  pigments  may  therefore  bo  classified  as — 
I.  Those  derived  from  the  blood-colouring  matter. 
n.  ThoiMi  obtained  from  extraneous  sources. 

I.  Pigments  derived  from  Haemoglobin.  —  (a)  PujmmkUion 
Am  to  kamoglobin  in  solulioH.     After  death  the  haemoglobin  readily 
vou  I  n 
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leaves  the  blood  corpuscles  tind  soaks  into  the  tissues,  giving  thorn  a 
pink,  dark  red,  or  li^id  colour,  according  to  its  amount.  The 
examples  of  this  stjiining  with  hajmoglobin  are  to  be  seen  in  the  endoi' 
cardium  and  inner  coat  of  the  aorta  when  the  blood  has  remained  fluid 
after  death.     The  staining  must  not  be  mistaken  for  congestion. 

(b)  Hcemaloidin  Fupnentatum. — The  name  "  hsematoidin"  was  given 
by  Virchow  to  the  pigment  which  Ls  found  in  old  hmmorrhages  (No.  1 
i.  1847,  p.  383).  When  bloo<l  is  e.xtravjisatod  and  hsvs  lain  in  a  tiasi 
or  cavity  for  several  months  or  years,  its  eolouiing  raatU^r  decomi 
and  becomes  converted  into  this  substance.  It  is  common  in  anenris*' 
mal  sacs  and  in  old  hiemonhages  into  the  brain. 

It  forms  rhombic  plates  or  rounded  granules  of  a  ruby  or  brick-red- 
colour,  and  gives  to  the  part  in  which  it  is  contained  an  oi 
rod  tint.  It  appears  to  he  identical  in  composition  with  bilirubin 
(C,gHj,N„0^  Hoppe-Seyler),  and  does  not  contain  iron.  It  further 
gives  a  play  of  colours  with  concentrated  mineral  acids. 

(<■)  Melanine  pigmcnUiiwn,  or  melanosis  as  it  is  sometimes  called,  ia 
the  commonest  variety.  Melanine  is  the  substance  which  gives 
colour  to  various  pigmented  regions  of  the  body,  such  as  the  uvea, 
choroid,  and  the  reto  Malpif;hii  of  the  negro's  skin. 

Pathologically,  it  is  chiefly  a  degeneration  of  coimective  tianu 
growths — sarcomata  and  fibrous  tumours — especially  such  as  grow 
from  {larta  naturally  pigmoHtod.  In  Addi.son's  disease  the  skin  of  the 
face,  hands,  neck,  axillm,  nip[)lca,  front  of  the  abdomen  and  external 
genitals,  assumes  a  dark  bronzed  or  mulatto  coloiu*  from  excesuTe 
pigmentary  deposit.  It  is  contained  both  in  the  rcte  Malpighii  and 
in  the  fibrous  derma,  and  assumes  a  granular  form.  In  intermittent 
fever  the  spleen  becomes  highly  melanotic,  and  the  pigment  par- 
ticles are  carried  by  the  blood  into  neighbouring  organ*.  The 
condition  of  the  blood  is  known  as  melanasmia.  It  oceaaonally 
happens  that  where  multiple  pigmented  sarcomata  are  acattered 
throughout  the  body  the  urine  becomee  colouretl  from  the  preoence  of 
melanine. 

Unlike  hKmatoidin,  melanine  is  not  a  product  of  extravasatcd 
blood.  It  requires  the  action  of  li\'ing  protoplasm  for  its  elaboration. 
The  cells  concernotl  in  its  production  elal>orato  it  quite  independently 
of  any  extravasation,  and  they  are  generally  of  a  connective  tissi 
type.  It  is  questionable  if  the  epithelial  cells  of  cancerous  tumour* 
over  become  truly  melanotic — that  is  to  say,  assume  a  veritable  melon - 
ine-forming  propensity.  The  author  has  never  seen  such  a  tumour, 
and  holds  that  if  it  does  occur  it  must  lie  rare.  Blood  extravasations 
take  place  into  cancerous  outgrowths,  and  the  pigment  may  separate 
from  these.  This  is  something  quite  different.,  however,  from  a  melanine- 
forming  tumoiu*.  It  is  possible  that.,  unrlcr  certain  circumstancea,  the 
connective  tissue  stroma  of  a  cancer  might  become  pigmented. 

The  percentage  composition,  according  to  Dressier,  of  melanine 
taken  from  a  meluiotic  sarcoma  waa  C61.73,  H5,  07,  N  13.24  039.96, 
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4Ch  1"47,  but  it  seema  to  vary  in  composition  according  to  the  source 
^m  which  it  has  been  derived. 

It  is  soluble  In  ether,  alcohol,  water,  und  acids.  It  is  distinguishe<l 
from  black  pigment  of  e.vtmnoous  ori^n  by  being  also  freely  soluble 
in  boiling  solution  of  potaah,  and  b}'  being  decolorised  when  a  stream 
of  chlorine  is  passed  through  it.  It  does  not  crystallise,  hut  remains 
in  a  granulftr  fonti.  Mkroscopkalbj  ej^^mined,  it  is  seldom  if  ever  black 
with  tran8mitt<?d  light,  a  dark  sepiu  colour  being  much  more  fre<juent. 
Extraneous  black  pigment,  on  the  contrary,  remain.-*  black  even  with 
high  powers  of  the  microscope. 

(rf)  Lutein  J'ufiiienUit'um. — This  is  the  colouring  principle  of  the  yolk 
of  the  egg  and  of  the  corjMis  luteum  of  the  ovary.  If  not  identical 
in  composition  with  hromatoidin,  it  is  very  closely  related  to  it. 

(<;)  BUe  PigmenUilioTi . — The  chief  colouring  matter  of  human  bile  is 
bilirubin,  ^\'^]en  organs  are  accidentidly  •^tiiinetl  with  bile  they  assume 
a  canary  yellow,  grass -gi'cen  or  olive-gi'eeii  colour.  Gall-stones 
frequently  conUiin  large  quantities  of  it. 

II.  Pigments  derived  from  Extraneous  Sources. — (a)  I'ifj- 
mfnMion  of  Pm. — Discharges  from  wounds,  from  the  oai-,  and  from  other 
cavities,  sometimes  assume  different  colours.  A  pale  azure  blue  colour 
is  the  commonest,  but  it  may  also  Im:  of  a  red,  orange,  green,  or  yellow 
tint.  These  colours  are  due  to  the  develoj^ment  within  the  discharge 
of  pigment  secreting  micro-organisms.  The  colour  is  coiitiigious,  and 
the  particular  organism  can  be  cultivated  on  artificial  media.  Pyo- 
cyanin  is  the  name  given  to  the  substance  formed  in  the  blue-coloured 
discharge. 

(h)  InJutM  Piritnenl. — From  the  atmosjAere  of  ordinary  dwelling* 
and  in  following  certain  dusty  avocations  extraneou.s  colouring  matters 
are  constantly  liable  to  be  inhaled  and  deposited  in  the  lung.  The 
longs  of  all  adults  contain  more  or  less  l>lack  carlton  [Kirticlos  from  this 
cause.  In  coal-mining,  enormous  qnantitios  of  coal-dust  ai>d  soot  from 
lainps  are  inhaled,  and  give  to  the  lung  an  ulxK)!utuly  cual-blnck  colour. 

The  particles  of  coal  or  soot  may  ho  distinguished  from  true  moliv- 
nine  by  the  following  characters  : — 

( 1 )  Microscopically,  oven  with  high  powers,  and  when  viewed  with 
transmittiKl  light,  they  are  black,  while  melanine  has  seldom  more  than 
a  sepia  brown  colour. 

(2)  The  particle.8  of  coal  are  fre^jucntly  spiculur  or  in  small  iiTegu- 
larly-8ha(icd  scales.     Melanine  is  always  granular. 

(3)  The  coal  and  carbon  particles  are  insoluble  in  boiling  potash, 
and  are  not  bleached  by  chlorine,  whik'  mehuiine  is  rciulily  soluble 
when  boiled  with  i>otash,  and  is  bleached  by  a  stream  of  chlorine. 

(4)  (Jotd  and  carbon  particles  are  not  dissolved  by  sulphuric  or 
hydrochloric  acid. 

(c)  Pigmentalum  from  Silver.  —  \VTien  a  salt  of  silver  is  continu- 
oiuly  administered  for  a  lengthened  period  it  causes  a  brown  or  black 
discoloration  of  the  skin.     The  condition  is  known  as  argyria. 
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(rf)  Mftallk  suhstwiee^  taken  medkinallj/  into  the  alimentarj* 
Buch  aa  iron  and  bismuth,  arc  liable  to  cause  a  black  or  slute-coIoure<l 
precipitate  in  the  mucous  membrane  of  the  stomach  and  intestine  by 
becoming  decomiwBed  by  sulphuretted  hydrogen. 

COAGULATIVE  NECROSIS. 

136.  Ill  the  coagidation  of  the  blood  certtiiu  of  the  colcmrie 
coqju.sclc.s  die  an<l  probiibiy  set  free  a  ferment  which,  reiicting  tipon 
the  Hbriiiogi-n  contained  in  the  plasma,  throws  down  jv  preoipitiito  of 
fibrin.  It  hiis  been  sjiid  by  Weigert  (No.  13,  Ixxix.  p.  87)  tJiat  a 
simihu*  ferment  exists  in  the  colls  of  the  tissues.  ^Vhen  they  die,  this 
ferment  is  liberated,  and,  under  certain  circumstances,  precipitates 
fibrin  in  a  finely  granular  form,  causing  the  jwrt  to  become  hard  and 
swollen,  and  very  granular  when  examine<l  microscopically.  To  thia 
condition  Cohnhcim  gave  the  name  of  coagulattve  necrosJS.  It 
follows  more  |)iirticidarty  where  the  circulation  is  suddenly  arrosteil 
in  a  \i&.Tt,  as  in  embolic  infarction  of  the  kidney  and  spleen. 

Caskation. 

139.  Definition. — Caseatim  is  a  dn/ faUj/ degtneratioit  miMeh  the 
allmminovs  and  oiiy  tonstUnads  of  a  tisstir  Itteomr  amvcrttd  inio  a  tub- 
stanu  like  cheese  in  appearance,  and  somewhat  allied  to  ii  in  ehemkai 
comptmtion. 

The  t«rm  was  invented  for  it  by  Virchow  in  the  year  1852. 
Cheese  of  course  conttuns  an  albuminous  8uli8tanc«,  casein,  which  i« 
not  found  in  this,  but  nevertheless  there  are  other  albumins  present 
combined  with  fatty  constituents,  and  the  whole  mass  is  dried  and 
compressed  into  a  cheese-like  compound.  The  name,  consequently,  is 
by  no  means  inajjplicable. 

Appearances. — When  a  part  has  fallen  into  this  state  it  ossumeB 
a  buff  or  cream-yellow  colour,   and  becomes  hard,  sharply  circuni 
scribed,  dry,  and  compressed.     It  is  devoid  of  blrxxl-vessels,  and.  when 
examined  microscopically,  has  a  peculiar,  dusky,  gninidar  appvaranc 
which   readily  demarcates  it  from  the  siurounding  tissue  element 
\Mien  the  actual   cellular  and  other  con.stituents   of  the    tissue 
examined  with  a  high  magnif}nng  ix>wcr,  they  are  seen  to  have 
shrunken,  shrivelle^l,  dusky,  and  indefinite ;  and,  finally,  they  br 
down  into  gniimlar  matter  and  very  minute  oil  globHle.<(. 

Tendency  to  Softea — It  is  to  be  remembered  that  all 
tiaauea  are  dead,  and  that  any  further  degeneration  which  they  may 
undergo  is  simply  of  the  nature  of  a  chemical  decomposition  probably  in 
duce<l  by  the  presence  of  micro-organisms.  The  caseous  mass  often 
tends  to  soften  in  the  centre,  and  the  cause  of  this  is  apparently  a 
chemical  change  by  which  the  albumins  of  the  {lart  become  converted 
into  oiL     The  liquefied  debris  contains  numerous  free  oil  globules  and 
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grannLu*  albuminous  particles,  with,  frequently,  shreds  of  elastic  tissue. 
The  proeees  is  |>roba})l y  aniilogous  to  the  ripening  of  cheese.  In  course 
of  time  the  dt'bris  is  absorbed  or  otheiivise  got  rid  of,  and  :i  so-called 
plJhiskal  caiitif  results.  The  cavity  may  heal  by  contraction,  but  if  it 
he  contaminated  with  the  tubercle  bacillus  it  is  liable  to  induce  a 
localised  or  wide-spread  tubercuW  eruption.  In  this  way  an  intract- 
able tubercular  disease  arises,  and  in  such  cases  the  cavity  remains 
o|)en  and  continues  to  discharge  broken-dowTi  ciiseous  material  from 
it«  walls. 

Another  method  by  wliich  the  caseous  dead  mass  may  be  removed 
lis  aeon  in  gumma ta  and  embolic  infarctions.     These  are  masses  of 
seous  tis-suc  which,  instead  of  softening,  become  gradually  absorbed 
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Fin.  M.— CAMuriox  m  a  TtrBuicLB  or  tiib  Lnro  (xiiO  Duju.) 
M  Bathmlwn  of  the  tubcrelr  ;  (b)  grmnulsr  cumnii  lUbrtM  rmuUlng  fcom  oMcatlini  i<f  Un-  iwiiir. 

from  the  fjcriphory  inwards,  evidently  by  the  action  of  the  surrounding 
lymphatics.  Following  upon  this,  a  deep  cicatri.x  results,  often  with 
ft  little  calcjireou.s  nodule  at  its  deepest  limit. 

Causes. — If  the  part  which  is  about  to  become  caseous  18  localised 
(e.y.  a  tubercule)  the  ciiseation  invariably  begins  at  its  centre,  and 
hencti  there  is  good  reason  for  supposing  that  a  diminished  bloo<l-supply 
ia  at  least  a  cause  poirerfully  predisposing  to  the  degeneration.  In 
soma  caseation*,  na  embolic  infarctjs  of  the  kidney  and  s]>lecn,  it  is 
the  sole  causo.  The  rlricr  the  jwirt,  the  more  tendency  there  is  t-o 
it*  occurrrncc.  An  ajdematons  lung,  or  one  which  conUiins  much 
hlooil,  Mcldom  1)ecomus  caseous.  Caseous  pulmouiuy  phthisis  is  a 
thing  practically  unknown  in  a  person  who  eud'ers  from  regurgitant 
mitral  diHease — provided  that  the  valvular  lesion  has  been  primary. 
It   may  be  followed    by   a  valvular  lesion,  but  the   order  is  seldom 
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reversed,  the  explanation,  in  all  probability,  being  that  the  lung  is 
tto  full  of  blood  that  the  necessary  conditions  of  malnutrition  are  not 
present  to  induce  the  degeneration. 

Tubercles  have  a  notorious  tendency  to  caseate,  and  the  cause  is 
said  to  be  the  presence  of  the  lulercU  bacUlu.1.  It  is  a  question  aa  to 
whether  the  syphUitie  btidllua  may  not  also  be  the  cause  of  the  cheesy 
tntiisformution  of  g'ummata. 

In  all  i)er»uni<  having  the  Strumous  diathesis  there  is  a  great 
liability  to  the  degeneration.  Ordiiiar}  intlanmiittory  dc]x>8its  which 
would  clear  off  in  a  robust  person  have  a  jwuliar  tendency  to  fall 
into  a  state  of  caseous  necrosis  in  them. 


Calcification. 

140.  Definition. — TIu  deposition  wilhin  a  tissue  of  insoluble  eom^ 
pounds  of  lime  and  magnesia. 

The  salts  deposited  are  calcium  phosphate  (Ca,(Po,),),  calcium 
carbonate  (CaCo,),  calcium  chloride  (C'aCl,),  calcium  fluoride  (CaFl^X 
and  magnesium  phosphate  (Mg3(Po,),)  with  occasional!)-  truces  of  oxide 
of  iron  (Hoppe-Seyler,  No.  30).  They  are  thus  identical  with  those 
found  ill  bone. 

Sites. — The  cartilages  of  the  ril>8,  the  small  arteries,  the  aorta  in 
endartcriitis,  and  tumours  of  various  kinds  (myoma),  are  all  tissues 
which  are  liable  to  calciticution.  Sometimes  the  minute  arteries  of 
the  brain  are  so  universally  calcic  that  they  stand  out  from  the  cut 
surface  as  fine  bristle-like  projections. 

Appearances. — The  calcic  deposits  give  to  the  part  •  gritty  feel- 
ing or  a  stone-liko  hardness.  They  are  usually  precipitated  in  the 
matrix  of  a  tissue,  but  ciiscs  have  been  recorded  in  which  nerve  cells 
iNScamc  entirely  calcititMl  (Forst^.T  and  Virchow).  The  inlilti-.itod  |»art 
has  a  |)ccidiiu'  granular  apiivarancc  when  examined  microscopically, 
which  readily  disapiiears  with  cflervcsccnce  on  addition  of  a  mineral 
acid.  The  duskiness  may  l>e  a<i  gicut  that  the  outline  of  the  fibres 
among  which  salts  ore  intercalated,  is  oljscured.  The  granules  aro 
insoluble  in  alcohol  and  ether. 

Cauaes.— Litten  (No.  13,  Ixxxiii.  p.  508)  has  shown  that  the  proccM  of  alrifica- 
tiou  is  intimately  aaaociated  with  coognlation  of  the  albnmin  of  a  dnae.  If  the 
ranal  artvry  Im:  ligatured  in  an  animal,  and  the  lij^ture  removed  after  on  hour  aad 
a  half,  so  aa  to  allow  the  circnktiuu  to  retam,  the  only  change  noticeable  b  an 
vrailatiou  of  alliiimin  into  the  Malpighian  bodies.  Whm  the  blood  lias  oontiDued 
to  flow  for  twonty-four  hoare,  however,  thi«  ii  followed  by  a  |iircipitation  of  oalcanMnia 
•alts  to  inch  an  extant  that  the  organ  may  saaauie  a  stone-like  hardneai. 

It  is  very  liable  to  occur  in  old  age,  and  Cohnheim  explain*  thi*  (No.  SI,  p.  6S8) 
by  aupjHMiug  that  |iart  of  the  diaaolved  pho«phat«  of  lime  in  the  buJy  cxiata  in  com- 
binntion  with  albumin  aa  •  lime  albuminate.  In  old  age  a  quantity  of  albomin  in- 
«ulUi'ieut  to  combine  with  the  entire  lime  aalta  ia  asaimilatcd,  and  hence  tlltae  bnoBia 
pn-ripitafixl  In  the  tiwiies,     Tlii»  in  a  mere  ronjwture. 

Chalk  Metastaais.— When  a  targe  tumour  ia  aituated  in  a  bone,  or  wlMn  tlw 
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Imtt«r  ia  the  subject  of  softening,  as  from  caries,  calcareous  deposits  are  liable  to  occur 
in  other  parts  of  the  boily.  It  is  supposed  by  Virchow  (No.  13,  viii.  1855,  p.  103) 
that  the  salts  which  arc  not  required  by  the  bone  are  thrown  down  in  tissues  which 
do  not  natarally  precipitate  them. 


Gangrene. 

141.  Fatty  degeneration  and  caseation  are  both  forms  of  tissue- 
death.  Gangrene  also  imjihes  that  the  tissue  is  dead.  Wliat  is  the 
difference  between  them  1 

Definition. — Gangrene  is  the  pulref active  fernunlalion  oj  a  dead  limb 
or  tmue  still  atlacJud  to  die  body. 

Many  fatty  or  caseous  tissues,  although  thoy  are  dead,  may,  and 
usually  do  exist  in  the  Ixwly  without  putrefying,  provided  that  they 
Bmain  protected  from  putrofacti\e  contamination.  Internal  organs, 
ich  as  the  spleen  or  kidnej",  do  not  Irecome  gangrenous  when  portions 
of  them  die,  if  they  are  not  e-vjjosed  to  some  source  of  organismal 
in>'asion.  An  infardion  of  the  kidney  or  spleen  is  a  dead  but  not  a 
gangrenous  tissue.  It  is  caused  by  an  aseptic  embolus  closing  the 
chuinel  of  one  of  the  branches  of  the  splenic  or  renal  artery.  A 
pfomie  shugh  of  these  organs  is  a  gangrene,  and  is  caused  by  septic 
organisms  being  embolicall)'  carried  into  the  vessels.  In  both  cases 
the  noarishment  of  the  jiart  is  interfered  with,  but  the  result  in  the 
former  is  coagidative  necrosis  followed  by  caseation,  in  the  latter  a 
(fangreiunu  slvwjh. 

Even  where  a  dead  part  lies  externally,  as  in  a  wound,  it  may  slough 
rithout  becoming   gangrenous  if  precautions   are  taken   to  keep  it 
eptic.     It  constitutes  an  aseptic  douyh  and  Sti{)arate8  from  the  living 
tune  by  simple  fatty  degeneration.     It  has  decomposed,  but  has  not 
ptdrtfitd. 

This  leails  to  the  definition  of  what  is  meant  by  decomposition  and 
|iutro6catiuti.  Decomposition  is  a  purely  chemical  process,  such  as 
the  precipitation  of  the  sidti*  of  iron  in  the  lilood  by  the  sulphuretted 
hj'drogcn  of  the  intestinal  canal.  Putrefaction,  on  the  other  hand,  is 
a  fermentation  of  the  albumins  of  the  iwrt  brought  about  by  putrefactive 
organisms.  A  fa>tus  which  dies  in  uiero  does  not  putrefy  so  long  as 
the  membranes  are  unbroken.  It  decomposes,  however,  and  is  cou- 
vcrtecl,  in  course  of  time,  into  a  sul>stance  like  adifwcero. 

Appearances  of  a  Gangrenous  Part. — It  becomes  dusky  re<l 
or  jHirplish  in  colour  by  the  transu<lation  of  the  hremoglobin  from  the 
corpuscles  contained  in  it.     Bulla-  filled  with  Huid  rise  upon  the 
zc ;  the  pjirt  become*  swollen,  and  has  a  doughy  or  pulpy  consists 
pain  of  a  flull  heavy  character  is  experienced   in  it,  and  its 
iperuture  gnuliially  sinks.     This  is  followed  by  total  loss  of  sensi- 
bility, and  motion  ceases.     In  course  of  time  it  becomes  more  or  leas 
__  ck  in  hue  ;  a  peculiar  and  characteristic  gangrenous  odour 

..IJwfiHHiaA  from  it ;  a  line  of  demarcation  forms  between  the  living  and 
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the  dead  tissue,  followed,  in  course  of  time,  by  a  line  of  separation. 
Ultimately  a  complete  separation  of  the  one  from  the  other  ensues  by 
a  process  of  8|H>ntaneotis  amputiition,  the  separated  part  being  known 
as  a  xjifntkehm. 

Microscopic  Changes  in  the  Tissue. — The  blood  is  the  first ^ 
to  undergo  duconiposition.  Its  colouring  matter,  as  just  said,  is  im- 
bibed by  the  neighbouring  tissues.  The  cells  of  the  port  are  cloudy 
and  gniTinlar  ;  the  muscular  fibres  disintegrate  and  become  fatty ;  the 
white  fibrous  tissue  swells  and  disapficars ;  while  the  oil  leaves  th« 
fat  cells  and  becomes  intermingled  with  the  other  tissues.  The  yellow ' 
elastic  fibres  seem  to  have  more  power  of  resistance  than  any  of  the 
other  tissue  elements. 

The  chemical  changes  essentially  consist  in  the  oxidation  of 
the  proximate  [principles  com{K)sing  the  tissue,  and  ultimately  culmio* 
ate  in  the  formation  of  carbonic  acid,  ammonia,  and  water.  The 
other  proflucts  are  chiefly  sulphuretted  hydrogen,  sulphuret  of  ammonia, 
valerianic,  larbolic,  and  butyric  acids,  together  with  indol,  skatoi,  etc 
It  is  the  combination  of  these  which  engenders  the  characteristic  odour 
(see  Putrrfartum). 

Certain  cryst^iUino  products  result  from  the  process,  and  are  found 
lying  in  the  slough.     They  are  chiefly  leucine,  tyrosine,  margarine,  and  . 
ammoniaco-magnesian  phosphate,  together  with  granules  of  sulphureil 
of  ii"on. 

The  organisms  found  in  it  are  those  which  are  doveloiied  in 
liquids  cnntiiiiiing  jKitrefying  albumin — the  organisms  of  putrefaction. 

Causes. — In  all  ciwes  the  cause  appears  to  be,  primarily,  either  a 
complete  deprivation  of  the  blood  supply,  or  an  impairment  of  the 
nourishment  by  some  other  means  ;  and,  secondarily,  the  access  of  the 
organisms  of  putrefaction. 

LUeraittrt  <m  DegauraUoiu. — Ooiwult  litrrnture  of  Tuioaa  orsui*,  »nd  : — Fttz  iLomI- 
tjuxl   Aioyloiil)  :    Boiton   Med.    aii<t   Siir^.    Jouru.,   cxir.    18S(!,   p.    3S9.       Geoersidi  . 
(Amyloid):   I'eit   Med.  Cliir.   Presiw,  xx,   1884.  p.   1005.       Litten  (Aiiiyloi.ll  :    DruU 
nwl.   Wochnschr.,    liiL   1887,    i>.   Sifi.       Neumann  (PH"  ■"'-'->"<  ;    Arch,  t    IxUiu , 
AaaL,  cxi.  1888,  p,  25.      Nothnagel  (('ninpvnM''>ry  M^  rtmphy):  WlOkj 

MwL  BL,  rilL  1885,  p.  780.      Sutton  (H.vj.vrtTi>pliy) :  I.  -    i.  p,  61. 
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142.  Meaning  of  the  Term. — The  word  InHaminittion  litcritlly 
means  a  biiriving  {mflarmwire),  and  luis  been  ajiplied  to  designate  the 
process  on  account  of  the  subjective  sensation  of  heafc  accompanying  it. 
The  term,  however,  simply  refers  to  one  of  the  cardinal  symptoms  of  the 
disease ;  it  does  not  inform  us  of  what  the  morbid  conditiun  consistj). 

Can  we  therefore  define  succinctly,  what  is  mciint  by  inflammation  ? 
Meet  authors  {f.g.  Paget)  have  shrunk  from  attempting  any  narrow 
limitation  of  the  term,  mainl}'  because  the  process  is  so  complex. 
Sanderson  (No.  52,  vol.  v.,  article  "Inflammation")  defines  it  as  " Uie 
tueeejsntm  of  diangrs  which  occurs  in  a  iiviwj  iis.iii-e  fohrn  it  is  injur«l,  yro- 
vided  Uuit  titg  injury  ig  not  of  such  dnjree  us  til  once  to  destroy  its  structure 
and  vitality." 

This  ia  probably  aa  comprehensive  a  statement  as  its  varied  pheno- 
mena will  admit  of.  If  we  attt-nipt  any  closer  definition,  difficulties 
arise  on  all  sides.  If  it  be  admitted  on  the  one  hand  that  cell 
mvltiplication  constitutes  its  essential  factor,  are  we  to  conclude  that  a 
growing  part  is  an  inflamed  part  ?  Or,  if  it  be  granted  that  the  cruda- 
lion  of  eolimrUss  corpuscles  from  the  blood-vessels  takes  place  normally, 
how  can  we  construct  a  theory  of  inflammation  having  this  for  its 
iouitdation  1  The  process  cannot  be  di'fined  on  either  basis,  for  if  we 
rtNfe  with  the  hy]K)theai8  that  inflammation  is  an  cxag<;enttion  of  either 
llw  wie  or  the  other  of  the  above  conditions,  the  ff^estion  comes  to  be 
how  much  cell  proliferation,  or  how  much  exudation  goes  to  constitute 
it,  and  how  much  can  be  said  to  be  normal.  Where  is  the  line  of 
demonaition  lM!tween  them  ?  Instead  of  having  one  cotle  for  the 
limitation  of  inflammation  in  all  organs  and  tissues,  it  seems  more 
reasonable  to  consider  each  upon  it^  own  special  merits. 


VASCULAll  AND  TISSUE  CHANGES. 

143.  Two  seta  of  phenomena  are  to  be  distinguished  in  the  suc- 
■on  of  changes  to  which  injured  tissues  are  subject,  namely,  thoee 
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occurring  in  the  Mood -vessels  and  their  contents,  and  those  which  are 
found  in  the  fixed  tissue  elements.  By  certain  authors  they  ara 
held  to  be  disconnected  and  iitdopendont  of  each  other.  Tlie  wbola 
tendency  of  modern  investigation,  however,  seems  to  show  tliat  they 
proceed  hand  in  hand.  Even  in  tissues  which  are  non-vascular  or  be- 
yond the  influence  of  the  blood-vessels,  such  as  the  cornea,  it  comes  to 
be  a  question  whether  in  reality  an  alteration  in  the  passage  of  the 
nutritive  liquids  through  them  be  not  the  actual  cause  of  the  disturb- 
ance noticed  in  the  fixed  tissue  elements. 

It  is  often  held  that  in  a  non-vascular  part  (cornea,  cartilage)  the 
proceaa  is  a  single  one,  that  it  is  concerned  exclusively  with  the  fixed 
tissues ;  while  in  a  vascular  part  it  is  of  a  twofold  nature,  and  implicatei  \ 
both  blood-vessels  and  fixed  tissue  cells.  Seeing,  however,  that  practi- 
cally there  is  no  tissue  liable  to  become  inflamed  through  which  some 
kind  of  liquid  does  not  circulate,  and  as  this  liquid  is  derived  from  the  ' 
ycsseh;  and  is  subject  to  their  alterations,  such  a  view  is  somewhat 
short-sighted. 

It  will  be  more  conducive,  however,  to  a  clear  understanding  of  tlie 
process  if  wo  consider  the  two  sete  of  phenomena  separately,  but  before 
doiog  so  it  will  be  necessary*  to  inquire  into  certain  preliminary  matten. 

The  CoRPtrscTLAR  Elements  of  thk  Blood. 

1 4  i.  Within  the  blood  of  all  vivipara  there  are,  at  least,  three^ 
(Hay^m)  if  not  four,  kinds  of  coqiuscular  element.  The  first  is  the 
ordinary  coloured  toqniscle ;  the  second  is  the  colourless  coqniscle  r»r 
leucocyte;  and  the  third  is  what  Hayem  (No.  4,  1878,  p.  692)  calls  sj 
"  hiBmatoblast,"  and  Bizzozero  (No.  13,  xc  1882,  p.  261)  a  "blood 
plate."  Another  corfiuscle  still  is  said  to  be  present  in  blood,  the 
80-ealled  invisible  corpuscle  of  Norris  (No.  53),  which,  if  it  do  exist, 
must  not  be  confounded  with  either  of  the  former. 

Of  the  ordinary  coloured  corpuscles  and  leucocytes  nothing  further  i 
need  bo  said  at  present,  but  as  the  heematoblasta  appear  to  be  bodies] 
of  very  great  significance  in  infliimniatory  and  allied  morbid  states^ ' 
some  further  notice  of  their  morjibological  characters  and  physiological 
ppoi)ertie8  may  be  advisable. 


THE  UJEMATOBLASTS. 


146.  In  the  year  1865,  Max  SchuJtze  (No.  14,  L  1865,  p.  36) 
drew  attention  to  the  fact  that  there  was  a  third  coqiuscular 
element  in  the  blood,  which  he  described  as  a  small  colourless  sphere 
or  granule.  No  doubt  Beale  in  the  foregoing  year  (No.  17,  1864)1 
had  drawn  attention  to  a  num))cr  of  granules  in  the  blood,  which  be 
called  its  germinal  matter ;  but  the  account  given  of  this  gr^iinilar 
or  germinal  matter  by  him  renders  it  difficult  to  say  whether  the 
■o-called  granules  corresponded  to  the  "  hsematoblasts  "  of  Hayem  and  j 
**  blood  plates  "  of  Bizzozcra 
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Granular  matter  has  been  described  from  time  to  time  by  difreront  obgcrverti 
(Bettclheim,  Xo.  54,  xiii.  ;  Loiitorrer,  No.  hi,  1872,  p.  115  ;  and  Ncdnwetzki,  No. 
&0,  1873,  p.  147)  as  present  in  the  blood  in  health  and  disease,  to  whieli  an 
eapecial  significance  has  been  nttached  ;  but  there  u*  good  reason  to  believe  that  the 
gnnules  so  described  were  nmply  the  result  of  diaintegration  of  blood  corpoKles  or 
of  hxinatobUsts  dnring  the  act  of  CMgnlatiou.  Biesa  (No.  51,  1872)  and  Lapt- 
■chinaky  (No.  50,  1874,  p.  657)  studied  this  granular  ninttcr  iu  the  blood  of  |)ersous 
■offering  from  various  diseases,  and  found  that  it  was  more  abundant  in  some  of  them 
than  iu  others.  Tlie  former  traced  it  to  the  destruction  of  the  volourlesg  cor|>uscle«; 
irhile  0»ler  and  Sehiifer  (No.  60,  1873,  p.  577)  regarded  the  granules  as  micro-orgon- 
iams.  It  seems  from  recent  observations  that  in  all  these  cases,  even  although  the 
bloo«i  had  been  examined  almost  immediately  after  being  withdrawn,  changes  must 
have  alrea4ly  occurred  within  it  connected  wiLh  coagulation  which  destroyed 
moat  of  the  hcematoblasts,  and  from  whose  disintegration  this  grauulur  matter 
malted. 

Hayem'  undoubtedly  was  the  first  to  give  a  dear  account  of  this 
third  corptjsclo  of  the  blood  in  his  paper  already  refened  to  (1H78). 
Bizzozero,  whose  chief  work  on  the  sul)ject  is  contained  in  Virchow's 
Archive  for  the  year  18H2,  simply  corroborated  Hayeiu's  observations, 
the  oaly  i>oint  of  importance  in  which  he  appears  to  differ  from  him 
beiDg  as  regards  the  hiematoblastic  or  blood  coqiusclo  forming  pro- 
perties of  these  l)odie8.  Hayem  asserts  tliat  they  are  the  genns  of  the 
future  coloured  blood  corpuscles,  and  hence  names  tliem  hteiiiaiohlush.'^ 
Kzzossero  denies  tliis,  and  calls  them  IiI(khI  plutes.  There  caunot  be 
any  doubt,  howe\er,  that  the  bodies  they  refer  to  are  alike. 

Their  rapid  Destruction. — The  reason  of  their  not  having 
been  recognised  before  the  above  date  rests  in  the  fact  that  almo«t 
immediately  after  the  blood  is  shed  they  undergo  disiiitcgnttion,  so 
that  by  the  time  the  blood  lias  Iwen  witlidniwn  and  pre]iared  for  ex- 
amination, they  have  vanished,  leaving  notliing  but  a  quantity  of 
atod  granules  and  fibrin  threads  iu  their  place. 

MttKodt. — In  order  to  see  them,  they  must  be  eicamine<i  in  the  blood  within  a 
blood-roaael,  or  in  blood  which  iios  been  received  in  an  apparatus  capable  of  prevent- 
ing coagulation.  Tliis  object  can  be  effected  by  cooling  the  slide  and  cover-glass 
down  to  alwut  0°  C,  but  for  their  more  complete  study  it  is  better  to  mix  the  blood 
with  the  iccompanyiiig  tluid  (Haycni)  :— 

Distilled  water  .  200       cc. 

Bodic  chloride  .1       gnn. 

Sodic  iulphate  .  5  ,, 

Mercury  bichloride  .  .         0'50 

r  vtU  praeerre  the  coloured  corpuscles  and  htcmatoblasts  for  something  like  M 
to  84  houn,  and  if  the  liquid  be  mixed  with  10  cc.  neutral  glycerine,  their  natural 


^  Usiler  the  name  of  "  Rothe  Kiimerkugel,"  Semmer  (itee  ret  by  Sohmi'lt,  No. 
IW,  xL  p.  6<I0)  bad  referred  to  bodies  which  eridently  are  identical  with  Uayem's 
koMtoUaatA. 

*  MMUnUin  employ*  the  name  ' '  hamatoblast "  to  designate  the  Urge  nucleated  blood- 
eorpaacle  fomb^  cellii  found  iu  bone  marrow.  These  of  coarse  are  quite  different  from 
the  bodlw  nnder  ooDatderation. 
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diameter  and  appearances  can  be  retained  still  longer.  In  drawing;  the  blood  a  dnip 
of  the  liquid  should  be  put  on  the  end  of  the  finger  (Laker).  With  a  needle  the 
finger  is  now  pricked,  and  the  blood  allowed  to  mix  with  the  liqaor  in  the  propMtioo 
of  about  I  to  20  up  to  1  to  100. 

Affanataiew  (Na  66,  xxxv.  1884,  p.  215)  haa  used  the  undernoted  mtxtnrB  for 
tbv  same  parpoee— 

Distilled  water  100       oc. 

Sodic  chloride  .  .        0*6  gim. 

Peptone        ....         0'6    ,, 
Jli'thyl  violet  .1  fuT  mille. 

He  aaj's  that  it  hiadeni  coagulation,  preaerres  the  corpuscular  elements,  knd  rmdvra 
their  nuclei  apparent. 
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Kia.  <Uk. 

A.  Rmmtnbluta  (Hayna):  (a)  natanl  a|ip«anuu)*  wbra  aaa  on  aurfacc  and  no  e4g*:  (K  *t 
€,  I  ii|<]<«xrBaoaa  jinMOted  by  Umd  darlag  cvaiculaliun.     B.  abowa  tbt  UtIU  baa^  at 

K  ••i  l>)r  tkua  alUr  «aai{nIatkMi  (Bajram).    C.  A  Dinill  blAod-veaaai  a*  ftaala  la  « 

!>....         .  ..urth  mJ  Behlwiwillwinh) ;  (a)  lumiatoblaita  Ui  )«rltilienl  ttraam;  (k)eoloiif(d  Un 

curpuKlri .  (r)  a  Icoooeyte. 

Hayani  {loe.  eit  p.  710)  recommcniU  the  following  as  the  beat  moans  of  atoilylng 
the  formation  of  (ibrin  from  the  hieniatoblasts : — Make,  (irstly,  an  onlinwy  aljd« 
preparation  of  bloo<i,  the  edges  of  the  cover-glass  being  dried  with  filter  (laper.  Flac« 
the  alide  in  a  moist  chamber  and  allow  the  blood  to  coagulate.  Wash  the  colouring 
I  BUtfr  out  of  it  by  means  of  a  stream  of  distilled  wnter  idlowed  to  gnulually  ma 
Ptkroogh  the  preparation  fnm  side  to  side,  aided  by  the  action  of  filter  pap«r.  Stain 
the  roticuluni  of  llbrin  with  saturated  alcoholic  solution  of  rose  of  MsfpiiU.  1  put 
in  10  to  20  imrla  water. 
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Their  Morphological  Characteristics. — The}-  are  little,  pale 
yellow  coloured,'  discoidal  bodies,  like  faintly  coloured  blood  corpuscles, 
and  have  a  very  delicate  outline.  The  siualJest  of  them  are  about 
2  ^  in  diameter  (180  ft),  and  from  this  tbey  range  up  to  5  fi,  the 
average  size  being  3  ft.  It  will  thus  be  seen  that  they  are  considerably 
smaller  than  a  coloured  blood  coi-puscle  (average,  7  to  8  /i).  Hayem 
•ays  that  they  have  no  nucleus,  but  as  the  result  of  an  optical  effect 
they  may  appear  to  be  nucleated.  They  seem  to  possess  a  little  stroma 
Kke  the  coloured  blood  corpuscles,  and  are  evidently  devoid  of  any  celt 
membrane.  They  are  equally  abundant  at  all  ages,  from  birth  uj)- 
ward.  Hayem  calculates  that  they  are  forty  times  more  numerous 
in  Man  than  the  leucocytes  and  twenty  times  less  abundant  than  the 
eoloured  corpuscles.  They  become  seriously  altered  in  number  in 
certain  diseases. 

Lowit  (Vo.  12,  xi.  sec.  iii.  1884,  pp.  80-132)  makes  out  that  the  bsmato- 
blast*  or  blood  platea  arc  sttniily  muses  of  globaltii  (apparently  para-globnlin) 
which  ore  cxtnidvd  from  thn  bodies  of  tbe  Icucocjrteg.  He  rails  them  conscquentl}- 
"globulin  plates."  He  also  aasertx  (No.  11,  iii.  No.  vi.  jip.  173-178)  tbat,  in  the 
eX|>eriliieQt«  of  Scbiiiiim'lhusch  (Sect.  208),  they  were  artilicially  generated  in  the 
circuLfttiug  bloo<l,  owing  to  the  salt  solution  in  which  the  mesentery  under  uzamina- 
tion  wu  immemctL  These  vicwii,  however,  have  not  met  with  ueceptaucc,  &nd  it  is 
geoendly  recognised  at  the  present  day  that  the  biematobLutts  are  nntural  con- 
iUtaents  of  circulating  blooil. 

Their  Influence  in  Coagulation. — Almost  immediauOy  after 

being  withdrawn  from  the  circulation  they  suffer  the  frjUnwing  changes, 
if  means  are  not  adopted  to  prevent  ccagulatioii  (Fig.  65,  A).  They 
become,  firstly,  somewhat  contracted,  on  which  account  their  outline 
is  rendered  more  striking,  and  they  also  appear  more  brilltujit  and 
shining.  They  next  throw  out  around  them  a  peculiarly  viscous 
■ubstanco  by  means  of  which  tliey  tend  to  become  attached  to  each 
other  and  aggregated  into  heaps.  They  are  then  aud<ien!y  transformed 
into  little  angular  Iwdies,  or  they  assume  a  stellate  shape,  if  they  are 
cullect43d  in  a  heap,  the  latt«r  may  take  the  form  of  a  cha])let.  From  the 
border  of  these  little  masses  or  aggregations  of  transformed  ha'mato- 
blasts,  fine,  almost  invisible,  processes  are  projected  into  the  surrounding 
plasma,  possesscil,  to  a  certain  extent,  of  the  jKiwor  of  changing  their 
podtion.  Shortly  afterwards  throughout  the  whole  Held  (Fig.  G5,  B) 
threads  of  fibrin  are  seen  interlacing  in  all  directions,  and  what 
remains  of  the  group  of  hx'matoblasts  seems  to  act  as  a  centre  from 
vbich  Uusee  threads  of  fibrin  radiate.  After  coagulation,  the  heai>s  of 
kifeBUlttlM  fuffer  comparatively  little  progressive  altenitioii,  ftirther  than 
Uiat  tJiey  lose  their  hemoglobin,  become  totally  decolorised,  and, 
at  the  same  time,  are  rendered  more  finely  granular  or  homogeneous. 
Small  v;icuolcs  arc  occasionally  met  with  in  them,  and  little  by  little 
m<K(t  rif  them  ultimately  suffer  destruction. 

'  Biatoiero  deniea  that  tbejr  are  coloured. 


190 


INFLAMMATION 


r»mn 


Influence  in  Wounds — They  thus  apparently  observe  a  most: 
important  piirjiosc    in  briii5j;ing  about  the  coagulation  of  the  blood,  ( 
evidently  furnishing  one  of  the  elements  (the  fibrin  ferment)  neoes-j 
sary  for  its  accomplishment.     Where  a  wound  i&  made  in  a  tissue  o^ri 
vessel,  the  hajmatolihists  (Haycm,  No.  40,  xcv.)  aggregat«  round  it« 
e<lge8  and  ajijKirently  adhere  to  them.      The  fibrin  is  subseqoeatly 
precipitated  at  the  point  where  they  are  located,  and,  in  Uiis  manner, 
they  8ubsor\'e  the  purpose  of  a  natural  haemostatic. 

The}"  are  also  probably  the  means  by  which  thrombosis  is  brought 
about  within  a  living  vessel  (Eberth   and    Schimmelbuscli,   Hnyem, ' 
and  Bizzozero — see  "  Thrombosis  "). 


NORRJS'S  INVISIBLE  CORPUSCLE. 

146.  Norris  (No.  53)  considers  from  his  long  continued  iinr 
tion  of  the  blood — (I)  "That  there  exist  in  the  blood  of  mammalia,^ 
in  addition  to  the  well-known  red  and  white  corpuscles,  colourleaa,' 
transjiarent,    biconcave    discs    of    the    same    size   as    the    red    ones ; 
(2)  between  these  two  kinds  of  biconcave  discs  others  having  every 
intfrmrdiute  gradation  of  colour  are  demonstrable."    These  coqiuscles, 
judging  from  the  description  he  give*  of  them  as  well  as  from  his 
figures,  are  evidently  <juite  different  from  Hayem's  hu?matobla8te.     H«l 
says  that  in  ordinary  blix>d  they  are  invisible  because  their  colour  and 
refraciivf  index  coincide  exactly  with  those  of  the  liquor  sang\uni«.     If 
the  blood  plasma  be  drawn  ofT  from  the  cor[iuscles  they  tlien  oomei 
into  view.     Several   iugenious    methods   of  accomplishing  this  ars 
described  by  him. 

Mrs.  E.  n«rt  (Xo.  9,  jutii.  1882.  p.  255)  bclicvw  thut  tlie  Xorri*  corpuscle 
do  uot  oxiat  in  the  blood  u  such,  bat  that  they  arc  "uantable  red  corpnaclet,  or] 
oorpnselea  of  low  resUtanco  which  hsva   parted  with  their  ha:nioglobin  poaiblj  J 
(imply  by  the  fact  of  the  withdrawal  of  the  Mrum."    This  authoress  recomme 
the  following  very  ingenious  method  of  separating  the  plasm*  from  the  Mrpoaela^lj 
ami  so  bringing  the  bodies  iu  question  into  view.     "  A  perfectly  smooth  and  l«v«l ' 
•tide  is  chosen,  and  at  some  slight  distance  from  the  cetitns  n  small  hole  i*  drilled, 
into  which  a  metal  vyelet  is  inserted,  care  being  taken  that  the  metal  edge  i«  not 
rsued  above  the  glans  surface.    A  smooth  and  level  thin  cover-glass  is  now  cbMea] 
and  strapped  on  to  the  slide  by  means  of  a  narrow  piece  of  diachylon  plaster  ao  that 
tlin  free  r<ige  exactly  OTerlajis  the  metal  eyelet ;  a  screw  fitting  the  eyelet  ia  tbea 
inserted  into  the  hole,  and  the  method  of  procedure  is  as  follows : — The  tip  of  thaj 
tfafga  is  priaksd  and  a  drop  of  blood  is  placed,  as  rapidly  ss  possible,  at  one  of  th*f 
frM  adgss  of  the  oorer-glMs ;  the  blood  enters  by  capillary  attraction,  forming  a 
iltl*^**  evan  layer  between  the  two  glass  surikces  ;  the  slide  ia  then  inserted  over  a 
■hallow  vessel  containing  a  2  per  cent  solution  of  osmic  acid,  and  the  liingwi  cover- 
glass  is  gently  xm»\  by  passing  the  screw  further  through  the  eyelet     All  ihc  fluid 
particles,  and  the  great  majority  of  the  corpnacles,  flow  immediately  lowanls  th«J 
hinged  edge  of  the  cover-glaas,  leaving  only  a  few  red  corpuscles,  snd  here  and  there  * 
a  white  one,  adhering  to  the  gUas  surface ;  these  are  instantaneotuly  fixed  by  the 
action  of  the  osmic  acid  vapour."    The  cover-glass  can  be  snbseqacntly  detached. 
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and  the  film  of  Uood  adhering  to  it  or  to  the  slide  stained  with  a  concentrated 
•olntion  of  nitrate  of  rosanilin  in  ahsolnte  alcohol.  A  drop  of  rosanilin  is  left  for  a 
few  moments  in  contact  with  the  corpuscles,  and  is  snbaeqaently  washed  off  with 
distilled  water. 

The  general  conviction  of  continental  and  British  (see  Qibson  No.  5,  xz.  1886, 
p.  113)  workers  is  in  agreement  with  the  above  criticism,  viz.,  that  the  Norria 
corpnacle  is  simply  a  colonred  blood  disc  which  has  lost  its  htemoglobin. 


CHAPTER  XIII 
INFLAMMATION— (CoB/immO 

Snthe  Manner  in  which  the  Corpusculab  Elemknts  or 
THE  BtooD  Circulate. 

147.  Although  it  is  a  fact  which  has  heen  familiar  to  every  one 
from  the  ttnio  when  the  microscope  was  employed  for  the  study  of 
the  blood  circiiliition  that  the  nipidity  and  nature  of  the  movemeat 
of  tlie  coloured  lilot)d  coi-jjuscles  differ  materially  from  those  of  the 
colourless,  still  there  has  not  yet  been  given  a  completely  satisfactory 
explanation  of  the  caiiae  of  these  differences  founded  uj>on  exjicri- 
mental  data.  It  will  therefore  be  expedient,  firstly,  to  examine  in  how 
far  these  and  other  phenomena  connected  with  the  circulation  of  the 
blood  corpuscles  are  subserx-ient  simply  to  the  laws  regulating  the 
passage  of  bodies  suspended  in  a  liquid  through  a  tube,  and  secondly 
to  demonstrate  how  any  interference  with  the  natural  position  of  the 
respective  corpuscles  in  tlio  vessels  has  a  direct  bearing  uptm  intlamma- 
tion  ami  the  circulation  of  the  blood  generally.  The  apparently  trivial 
fact  of  the  difference  in  the  jwsitions  occupied  by  the  two  kind*  of 
blood  corpuscle  has  more  importance  than  might  be  attached  to  it  on 
superficial  consideration,  for,  as  will  be  shown  in  the  sequel,  if  the 
coloured  corpuscles  did  not  occupy  the  centre  of  the  stream,  tlui 
circulation  of  the  blood  with  the  existing  apparatus  would  become  a  ^ 
physical  impossibility. 


NATURAL  PHEXOMEXA—FROCPS  WBR 

148.  Position  Horizontal. — The  phenomena  seen  in  the  circular 
tion  of  the  bhKxl  coqiusclcs  in  a  tninspaient  membrane  to  which  it  i« 
necenuy  to  draw  attention  at  |)re8ent  are : — 

(1 )  There  are  two  streams  in  the  arteries  and  veins ;    the  one 
axial  and  the  more  rapid,  the  other  peripheral  and  tlie  slower  ofj 
the  two. 
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(2)  These  streams  are  better  seen  in  the  arteries  than  in  the 
veins. 

(3)  The  coloured  corpuscles  and  hiematoblasts  or  blood  plates  float 
exclusively  in  the  axial  stream,  while  a  great  many,  not  all,  of  the 
leucocytes  run  in  the  peripheral. 

(4)  The  number  of  leucocytes  in  the  peripheral  stream  is  greater  in 
the  veins  than  in  the  arteries. 

(5)  The  motion  of  the  coloured  and  colourless  corpuscles  differs, 
for  while  the  former  glide  the  latter  roUite. 

(6)  In  the  veins  the  colourless  have  a  tendency  to  stagnate 
when  they  get  into  the  periphcrul  stream,  the  coloured  have 
oot. 

(7)  The  capillaries  have  not  any  visible  axial  stream,  and  in 
those  which  admit  a  single  corjiusclo  onl^',  there  is  a  tendency  for  the 
leucocytes  more  especially,  but  also  for  the  coloured  corpuscles,  to 
stagnate. 

149.  Position  of  Web  Upright. — These  phenomena,  however, 
have  all  been  observed  by  exiimining  the  transjKireiit  parts  of  animals 
while  they  are  in  the  horizontal  position,  the  ndcroscope  being  employed 
for  looking  at  them  from  above  downwards  only.  By  this  method  of 
examination  it  is  impossible  to  see  whether  the  colourless  coqouscles 
float  in  the  i>eripheral  layer  all  round  the  vessel,  or  only  on  the  upper 
half  of  its  circumb'Tf  nee.  It  \»  also  not  easy  to  say  from  this  mode 
o(  observation  whether  the  coloured  cor|)usclc9  float  exclusively  in  an 
axial  core,  or  whether  some  of  them  do  not  run  along  the  lower  border 
of  the  vessel.  In  order  to  look  at  the  ufjper  as  well  as  the  lower  border 
<rf  each  vessel  it  is  necessary  to  incline  the  microscojie  horizontally, 
•od  then  to  place  the  transparent  part  of  the  animal  at  right  angles  to 
it.  In  this  way  a  clear  view  is  obtained  of  all  the  strata  of  blooil,  and 
it  can  bo  seen  exactly  where  each  kind  of  coipuscic  runs.  The  frog's 
web  is  perhaps  best  suited  for  the  puqwse. 

If  A  large  capillary  vessel  or  small  vein  be  selected  for  examination, 
it  will  be  noticed  that  the  coloured  corjmscles  float  almost  exclusively 
in  the  axial  stream.  It  is  a  rare  occurrence  Ui  find  any  of  them  in  the 
upper  or  lower  strata  of  the  vessel.  The  most  romarkalde  jjoint  in 
regard  to  this  method  of  examination  is  in  reference  to  the  jMsition  of 
tlic  colourless  corpuscles.  If  a  small  vessel  (Kissing  horizontally  across 
th«  field  be  selecteil  for  exami  tuition,  and  if  it  run  for  a  considerable 
diittanc4.>  without  branching,  it  will  be  found  that  by  far  the  greater 
proportion  of  leucocytes  float  on  the  upper  surface,  only  a  very  small 
nunilMsr  on  the  lower.  In  the  following  table  a  series  of  observations 
made  on  different  vessels  of  the  frog's  web  is  recorded.  In  all  cases 
it  will  be  seen  that  the  projwrtional  number  of  leucocytes  found  on 
what,  in  the  position  of  the  web,  is  the  ujjper  surface  of  the  vessel,  fur 
outbalances  that  found  on  the  lower.  Tlie  observations  were  conducted 
on  diflTerent  vessels ;  some  of  them  were  almost  straight^  some  had  the 
convexity  upwards,  others  downwards. 
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ti«aoooytei  i>Mnng 

•longuvrrr     Do.  on  lower. 
SurfaM. 


Vessel  No.  1.  Convexity  upwards 

30 

1 

„      No.  2.  Straight 

37 

7 

„      No.  3.  Concavity  upwards 

57 

10 

„       No.  4.           „               „ 

8 

0 

„      No.  5.  Convexity        „ 

18 

s 

„      No.  6.  Very  short  straight  vessel 

16 

3 

„      No.  7.  Convexity  upwards 

21 

2 

Indeed  it  seems  only  acciJontJilly  that  a  colourless  corjmscle  g«>t 
on  to  iho  lower  surface  of  the  bIo<Kl  stream,  and,  if  carefully  examine 
this  will  be  found  to  be  accounted  for  in  the  following  ^vay: — * 


C» 


U 


® 


Pio.  ce. 


Let  C,,  Cy  Cj,  Cf  (Fig.  66)  represent  four  large  capillary  stems,  mm! 
let  /j  represent  a  leucocyte  {jassiug  along  the  upper  surface  of  capillary 
C,.  It  continue*  to  run  towards  C^  in  the  direction  of  /,,  Zj,  l^  /^,  ly 
hut  when  it  enters  C,  it  is  now  on  the  lower  surface  of  ^e  voaad, 
lutd  the  axial  core  of  coloured  coq>uscles  prevents  it  gaining  the  upper 
surface  for  some  tinje.  The  coloured  are  in  such  mass  that  the  com- 
paratively small  leucocyte  takes  some  time  to  pass  through  them. 
Hence  it  runs  for  a  certain  distance  on  the  lower  border  of  the  vessel. 
If  it  be  watched  for  a  sufficient  time  it  can  be  seen  ultimately  to 
penetrate  into  the  axial  core  of  coloured  corpuscles,  and  afterwards 

I  In  looking  at  tlir  web  inicrtwcopically,  of  coiina,  th«  |>osttioiu  at«  kU  rrvenid,  Ul« 
upper  •nrfkce  being  the  lower,  iui>l  to  forth.  In  the  nbove  sohenie  the  part*  urn  repn- 
tmUd  u  Ibej  «re  actiudljr  locii,  ao  that  it  will  b*  undcntood  that  ibc  nrftoM  ai* 
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to  emerge  on  the  upper  surface  of  the  vessel.  Thus  although  the 
leucocyte  may  temponirily  run  along  the  bottom  of  the  vessel  it  always 
tends,  in  the  course  of  time,  to  gain  the  upper  surface  ;  so  that  if  the 
numljer  of  leucocytes  be  counted  on  the  upjier  and  under  surfaces 
of  the  vessel  it  will  be  found,  as  the  aljove  table  shows,  that  by  far 
the  greater  numljer  pass  in  a  given  time  along  the  u}>per  surface. 

When  a  capillary  having  a  lumen  sufficient  to  admit  only  one  cor- 
cle  at  a  time  is  obsen'ed,  it  is  found  that  the  leucocyte  is  pressed 
gainst  the  upper  surface,  an<l  rolled  along,  white  the  coloured  blood- 
corpuscle  glides  with  much  greater  ease,  and  does  not  seem  even  here 
actually  to  touch  the  wall. 


CAUSE  OF  THE  PERIPHERAL  AND  AXIAL  STREAMS. 

150.  There  cannot  of  course  be  any  doulit  as  to  the  cause  of  those. 
Wat«r  in  moving  in  a  canal  proceeds  in  stnita,  the  one  stratum  being 
pushed  over  the  other.  Tlie  stratum  which  is  farthest  away  from  the 
•idea  and  bottom  of  the  cmal  moves  quickest.     A  tube  is  a  double 

i\,  and  the  central  strata  are  subject  to  least  friction,  being  furthest 
away  from  the  sides.  The  stnitu  in  the  axis  therefore  move  quicker 
than  those  at  the  side.  It  is  the  friction  between  the  side  of  the  tube 
and  the  moving  liquid  which  detracts  from  the  velocity  of  the  |>eripheral 
layers. 

It  is  of  importance  to  reraemlier  that  the  slower  the  stream  passing 
through  the  tu}>e  the  greater  is  the  ahifdute  sta^ialion  in  the  peripheral 
and  the  nearer  to  the  centre  are  those  strata  wiiich  are  moving 
with  a  given  velocity,  and  which  maybe  defined  as  "slow."  The 
more  rapid  the  stream  (though  the  relaim  slowness  of  the  peripheral 
strata  is  the  same)  the  greater  is  the  absnlule  velocity  of  the  pcriplieral 
Strata,  and  the  nearer  the  wall  of  the  tube  is  that  stratum  which  moves 

a  given  "slow"  speed. 

Tlu  coloured  corpwstles  float  exdusittly  in  the  caial  stream  tckile  a  great 

ny,  not  all,  of  the  leufwytes  run  in  the  peripheral.  The  cause  of  tliis 
'■eparation  of  the  two  kinds  of  blood  corpuscle  has  been  the  subject  of 
much  speculation. 

Thus  it  has  been  said  that  the  colourless  corpuscles  are  viscid,  and 
that  they  tend  to  adhere  to  the  side  of  the  vessel  It  has  also  been 
•uggeettfd  that  as  they  difTer  in  size,  it  is  this  which  causes  the 
Bparation. 

DoDilm  (No.   144,   Part  V.,  2J  edition]  expliins  it  on  tkn  foUowinf^  bosia  : — 

rapidity  of  the  rnrrfnt  inoreoses  towards  tbt>  axiii  of  tlie  ve«M<l  ;  the  gphericai 

ourleat  coqiniicl«  is  »ppli<Ml  with  one  fiide  to  this  swift  itream,  the  other  being  in 

I  (lower  itrata  moro  towanU  the  i)criplioiy.     The  corpuscle  on  this  account  does 

'  not  make  a  contiunous  onward  progress,  but  is  revolved  upon  its  axis,  from  which 

It  i*  avident  that  it  must  bo  pressed  oat  towards  the  periphery.     The  disooidal 

MSkanfiter  of  the  coloured  corpusclea,  however,  brings  them  always  with  their  long 

ntUr  parallel  to  the  axis  of  the  veiael,  and  beuce  they  tend  to  be  driven  onwards 
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in  a  jfiroD  stratnm  without  rotatiug.    This  oxtilan«ttoD  is  al«o  ftc«ept«d  by  Cohnheim. 
but  that  it  in  erroneous  the  aimplest  experiment  can  demonstrate. 

Foster  (No.  145,  p.  38)  itates  the  rollowing:— "The  corpascles  pass,  wbitre  the 
friction  is  least,  io  the  axis.  A  quite  similar  axial  core  is  seen  when  any  tine  par- 
ticles arc  driven  in  a  atream  of  fluid  thraiigh  a  narrow  tube.  The  phenomana  ceaM 
\rith  the  How  of  tlic  fluid.  Many  of  thu  wliit<)  corpusclcsi  are  frequently  seen  in  tiM 
inert  layer.  This  is  said  to  be  duo  to  their  being  specifically  lighter  than  tha  red 
corpuscles.  When  tine  particles  of  two  kinds,  one  lighter  than  the  other,  ar«  driven 
through  a  narrow  tube  the  heavier  particlt-a  flow  in  the  axis,  and  the  lighter  in  Um 
more  |>oriphenil  portions  of  the  stream.  The  white  corpascles,  however,  are  di*> 
tinctly  more  adhesive  than  the  red,  as  is  seen  by  the  manner  in  which  they  become 
tLxod  to  the  glass  slide  and  corer-.slip  when  a  drop  of  blood  is  mounted  for  micro- 
scopic examination  :  and  by  reason  of  this  adhMiveneas  they  may  become  temponrily 
attached  to  the  walls  of  the  vessel,  and  consequently  appear  in  the  inert  layer." 

Schlclarcwslcy  (No.  169,  L  1868,  p.  671)  writes:— "The  blood  is  a  fluid  loaded 
with  minute  stable  bodies.  Mach  and  Bondy  have  long  ago  shown  that  by  the 
addition  of  minute,  insoluble,  pulverised  subatances  to  a  fluid  the  specific  Wtigilt 
of  the  latter  is  raised.  I  cau  say  in  the  special  ca.<ie  of  the  Mood  that  if  it  haa  atood  ' 
for  some  time,  the  under  hidf,  which  contains  more  blood  corpuscles  tliau  the  uppvr, 
also  affecta  the  araeometer  distinctly  more  than  the  other,  and,  further,  that  it  is 
specifically  denser. 

"  Now  if  the  lower  strata  of  blood  which  is  at  rest  are  specifically  denser  throogli 
the  accumulation  of  blood  corpuscles,  so,  also,  in  circulating  blood,  the  axial  stneam 
irhare  the  blood  corpascles  press  together,  and  where  only  the  condensed  hydro- 
•phana  fill  the  intervening  spaces,  will  be  specifically  denser  than  the  periphery. 
The  speci6cally  lighter  white  blood  corpuscles  will  on  this  account  io  the  normal 
circulation  b«  pressed  out  into  the  less  dense  layers  at  the  periphery." 

That  the  ordinary  phenomena  noticeablo  in  the  circulation  of  the 
corpuscles  arc  not  due  to  any  so-aUled   \-itul  action,  but  ar«  purely 
physical  in  their  effects,  is  provetl  hy  Schkliirewsky'a  {loc.  ciL)  experi- 
ments on  the  passage  of  blood  through  a  capillary  glass  tube.     Tho  i 
same  features  are  observed  here  as  in  the  natural  circulation.     The 
author  has  repeated  Schklarewsky's  experimctits,  and  is  satisfied  that 
the  phenomenii  seen  in  the  passage  of  blood  corpuscles  through  the 
capillary  tul)e  are  essentially  the  same  as  those  noticed  in  their  cir- 
culation through  the  natural  blood  channels.     Seeing,  therefore,  that 
the  wall  of  the  vessel,  the  heart,  vasomotor  nerves,  and  other  part« 
of  the  circulating  apparatus  are  unnecessary  for  the  ]>roduction  of  the 
phenomena  just  enumerated,  it  follows  that  their  explanation  is  to  b«j 
sought  in  the  study  of  those  forces  which  influence  bodies  suspended  j 
in  a  liquid  circulating  through  a  tube. 


E.XFERIMENT8  ON  TKE  ClKCirLATION  OF  BoDIES  THROUGH 

Large  Tubes. 

151.  A  capillary  tube,  from  its  small  sire,  and  from  the  fact  that 
only  one  side  ctin  \m  observed  at  once,  ia  inconvenient  for  studying  tlio 
conditions  under  which  bodies  float  in  difTerent  jjorts  of  the  stream. 
The  following  experiments  show  that  the  laws  which  influence  thai 
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panage  of  solid  bodUs  svspejidrd  in  a  liquid  through  capillary  tubes  are 
the  same  as  those  which  guide  them  in  their  transit  through  tubes  of 
larger  size,  provided  that  the  proportional  diraonsions  between  tube 
and  bodies  circulated  be  maintained.  It  is  therefore  evident  that  if 
we  employ  a  tulje  and  circulating  bodies  of  large  size  in  addition  to 
capilLiry  tubes  we  can  make  experiments  with  a  iieai'cr  apjiroaeh  to 
accuracy  than  if  we  em|)loy  capillar}^  tubes  atone  with  circulating 
>Kxlie8  correajmndingly  small.  By  subsequent  comparison,  it  will  be 
found  that  the  same  conditions  hold  good  for  both. 
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The  apparatus  for  these  experiments  has  the  following  conatructioD  : — A,  A,  A 
(YJg.  67)  is  a  ghun  tube  ((  ft.  long  and  having  a  hore  of  1  in.  At  one  end  it  is  attached 
to  an  india-rubber  tube  C,  which  communicatea  with  a  wat«r-cist«ra  by  the  stop- 
eock  D.  The  water  entering  at  C  niuB  through  thu  tube  into  a  tank  F  whieh  has 
•n  escape  pipe  O.  At  a  distance  of  5  ft.  5  in.  from  the  diittal  ciid  a  second  tube  (B) 
is  cemente^l  at  right  angles,  and  throngh  this,  bodies  can  b«  iutroduceil  into  the 
drrulating  stream. 

The  whole  apparatus  is  support^'d  apou  two  aprights  E,  E. 

In  order  to  keep  the  tube  I'till,  or  nearly  so,  when  tlic  water  is  circnlating,  it  is 
lltfatml  about  f  in.  at  the  distal  extremity.  The  cisteni  is  most  convenient  when 
at  a  height  of  about  six  feet.  When  about  to  bo  used,  the  eireulation  of  the 
I  is  first  allowed  to  become  thoroughly  stable  ;  all  air  must  bo  driven  out ;  and 
Ittrangth  and  proMmre  of  the  stream  may  be  recorded  by  an  index  At  the  distal 
I  of  the  tube  (i,  i,  i).  In  this  way,  with  the  same  elevation  of  the  end  of  the  tube, 
I  can  easily  ensure  a  uniforui  strength  and  velocity  of  the  cnrrcut. 
lie  (1  rot  scries  of  the  present  e]ci>eriinont«  consists  in  the  introduction  of  solid  bodies 
au»  weights,  siMS,  shape,  and  specific  gravity.  For  a  long  time  the  author  era- 
boiUM  made  of  gelatine  and  variously  coloured  so  that  thoy  n\ight  be  easily 
After  having  a  little  experience  of  these,  however,  it  was  found  that 
Ircmlts  obtained  by  their  use  wore  not  trustworthy,  owing  to  their  being  capable 
rbing  water.  There  is  alsoanother  inconvenience  connected  with  them,  namely, 
they  get  soft  when  kept  for  any  time,  and  arc  hence  rvndered  unserviceable. 
I  dcAcieDcics  can  all  bo  got  over  by  substituting  bodios  made  of  white  wax  in- 
I  of  gelatiiie.  This  can  b«  mixed  with  viu-ious  pigments  in  powder  so  as  practi- 
eally  to  tvodar  thtm  of  any  re<iuired  R))«cific  gravity,  and  at  the  same  time  to  give 
a  •llttinctirr  colour.  Brunswick  green  and  vermilion  will  be  found  very  useful 
'  Biixing,  but  any  other  heavy  pigments  may  be  employed  in  the  same  way.  The 
alu>nl<l  Snt  tx?  nivltvd,  the  pigment  being  suWiiiicntly  mixed  with  it  while 
If  the  bodies,  after  being  made,  are  slightly  lighter  than  what  is  re<iuirod. 
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this  may  be  i-orrocted  by  rubbiug  into  tbem,  in  tbc  palm  i>f  th«  hand,  a  littl*  of  tho 
pi|<ineut.  The  warmth  of  tbi-  hand  is  sufficient  to  c*u«e  tho  pigment  to  adhere  to 
the  wax.  It  need  hardly  be  added  tliat  before  comparing  tho  speoilio  ireiglit  th« 
wax  should  be  allowed  to  cooL 

In  order  to  moke  spberos,  a  bnU«t  mould  ahould  be  employ«<l,  and  for  dinci,  tha 
was  should  be  poured  out,  \rhen  melted,  in  a  Uyer  of  uniform  thickncM,  diici 
of  various  sizes  being  then  punched  out  of  it  with  cork-cotter*.     Ben'  wmx  boB^I 
tuch  a  plastic  suhatauce,  bodies  of  any  other  shai>e  may  easily  be  devisad. 

In  the  first  set  of  experiments  the  stream,  in  strength  and  velocity, 
must  remain  the  same  throughout,  the  most  suitable  fixed  {mints 
l)eing  the  before-mentioniHl  elovittion  of  the  tube  to  j  in.,  with  the 
wattT  level  at  6|  in.  from  the  distal  end.  It  will  l>e  expressly  stated 
in  what  experiments  the  velocity  of  the  stream  was  altered. 

SxraBIMENT  No.  1. — FoKT  sjJurrrs  made  with  the  $amt  mirlurt  </  uwt,  Snuuiwleki 
fnm,  and  vermilion,  and  »o  njiteiJieaUy  htaty  that  they  nadHy  Hnk  in  tcattr. 

Sphere  a=  jjtb  inch  io  diom.  and  weighs  90  grs, 
M      '•=1  It  •■  •■  86  .. 

•  I  '^¥  ♦!  It  tl  *0     ,1 

•.      •'=4  ..  I  II  8  i> 

Tbcy  may  bo  dropp<>d  into  the  tube  separately  or  together  without  making  any 
d{irerrn<.'e  iu  their  relative  mpidity  of  motion. 

Spbsre  a  (whivb  wan  almost  equal  in  diameter  to  tho  bora  of  the  tube)  w«at 
throagfa  with  the  above  given  stream  in  11}  8e<H>nda. 

Sphere  b  went  through  iii  12  w». 

It     *•         It         tl         *'    It 

It  was  noticetl  that  they  all  rested  on  tho  lowest  poit  of  the  tube.     It  was  fortlMr J 
observed  that  they  all  had  a  rutatiug  motiuu. 

We  may  therefore  conclude  that  tnth  spherical  bodia  vhoge  tpteifie 
grapity  it  equal,  but  aimulrrably  grettirr  than  the  mt^mding  liquid,  ihe  lofftr^ 

thr  My  is,  providtd  U  dors  not  quite  j 
the  tulir,  tht  qtixflcrr  i7  vuirex  This 
experiment  also  shows  that,  odarit , 
paribus,  so  long  us  the  spherical 
is  retained,  the  heavier  body  (a 
weight)  also  circulates  much 
than  the  lighter,  for  notwit 
that  the  heiivie^t  of  the  four 
weighed  90  grs,  while  the  smallest 
weighe<l  only  2  grs.,  yet  the  rate  of 
circulation  in  the  case  of  the  former 
wu  much  greater  than  in  that  of  the  latter.  It  shows  further, 
they  all  rotate  even  when  the  body  fiu  almost  accurately  into 
tube.  In  the  abovo  caao,  the  largest  sphere  did  not  exactly  fill  the 
tube,  the  smallest  percaptiible  apace  being  left  at  the  iip|MT  li>vel. 
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The  expbuintion  of  these  {>heDoinena  is  Terj'  simple : — When  a  body,  of  any  shape 
or  tize,  U  introduced  into  such  a  stream,  there  are  mainly  two  forces  which  come  to 
actu{)OD  it.  Suppose  a  (Fig.  68)  represents  one  of  the  four  bolls  which  is  introduced 
into  the  tube.  Immcdiatvly  after  it  enters  the  water,  it  tends,  on  the  one  hand,  to 
be  carried  forward  by  the  moving  strata  of  liquid,  while  it  also  tends  to  be  carried 
downwards  by  its  specific  gravity.  And  if  we  suppose  tbe.se  two  forces  to  be  repro- 
•ented  reapectively  in  magnitude  and  direction  by  tho  lines  ab,  ae  (Fig.  68),  then 
the  position  occupied  by  the  body  in  the  circuluting  stream  will  l)c  nt  c  in  the  direc- 
tion br.  But  being  intercepted  by  the  tube,  and  the  horizontal  force  being  con- 
tiltuoaa,  it  will  then  move  along  its  lowest  border.  The  Mpeciric  gravity  in  the  above 
cMe  WM  wa  much  greater  than  the  force  represented  by  the  stream,  that  the  body 
•Imost  imniediately  came  to  the  bottom  of  the  tube. 

Why  is  it,  however,  that  the  larger  body  should  move  through  the  tube  with  so 
much  greater  velocity  t  Tho  reason  is  also  apparent.  The  larger  body  gets  more 
of  the  swift  and  powerful  axial  strata  than  the  smaller  which  lies  at  the  bottom  of 
the  tabe.  It  is  therefore  impelled  forwards  with  greater  rapidity  than  the  smaller 
which  is  kept  running  in  the  part  of  the  tube  where  the  strata  cf  lii{aid  move 
slowest. 

The  spheres  all  have  a  rotatory  motion.  The  cause  of  this  is  that  the  one  side  of 
thfi  sphere,  that  which  Is  nearest  the  axis  of  the  tube,  is  subjected  to  the  action  of 
the  swift  strata,  that  which  is  further  away  lies  in  the  slow  strata  and  is  pressed 
against  the  tube  wall.  The  inevitable  consequence  is  that  tho  ball  is  rolled  over  and 
over  round  its  axis.  So  long  as  the  specific  gravity  of  the  body  is  markedly  greater 
I  *  force  than  the  onward  current,  the  rolling  of  the  sphere  into  the  axis  of  the 
,  can  never  happen. 

Even  the  largest  ball  rotates,  tho  reason  being  that  it  does  not  exactly  fit  the  tube. 
Tlie  ball  rests  more  against  the  lower  aspect  of  the  tube  than  the  upper,  and  hence  the 
friction  on  the  lower  aide  is  greater  than  that  on  the  upper. 

It  will  continue  to  rotate  until  tho  friction  is  e<]iialiited  on  all  its  sides.  If  one 
fide,  any  aide,  of  tho  sphere  touches  the  tul>«  it  will  rotate.  If,  on  the  contrary,  aa 
«•  shall  afterwards  see,  the  circumference  of  the  sphere  is  not  in  contact  with  t)te 
tnbe  at  any  point,  rotation  does  not  take  place. 

ExrvKUteirr  No.  2. — Sphera  made  of  ipernuutd  </  sonu  sin  (u  Ikom  i%  No.  I. 
Strmm  at  Ufm, 

•3  {  in.  diam.,  weighs  69  gn.,  passed  through  the  tube  in  upper  stream  in  12  seca 

fr™  I  M  H  ^V  M  •!  it  II  1*4      II 

c=|        ■■         II  ♦  .1  1.  .1  „  13    „ 

<t=i        11  .1  igr.     ,,  .,  „  „  13i  „ 

Tliry  all  have  a  rolling  motion,  and  pass  through  the  tube  iu  the  same  order  as 
is  Kx|)eriment  Xo.  1. 

We  may  therefore  conclude,  that  tnih  spherical  bodies  whose  specific 
tvity  it  lets  than  the  suspending  liifuui,  the  Uiryer  the  body  is,  provided  it 
not  gwfe  fiU  the  tulr,  the  quicker  it  moveg.  It  also  follows,  that  if  a 
ia  spee^ieaiiy  I'ujhlrr  tJuin  thf  liquid  in  which  U  it  suspended,  it  will 
or  Intrr  umic  to  ocaipij  the  iifijur  strata,  and  will  rotate.  It  will 
to  the  periphery  and  rotate  for  the  same  reasons  as  those  which 
inflneDce  the  body  of  hcuvy  specific  gravity.  One  side,  the  upper 
in  thu  cue,  comes  in  contact  with  the  tube,  the  opposite  side  being 
hnpinged  open  hy  the  swift  Blaments  of  liquid. 
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ExTEBlMENT  No.  3. — Spherts  of  ipeeiJU  yravily  a*  marljf  at  pomhU  tqutJ  U)  Mali 
(/  uxiUr.    They  ahould  b«  made  of  wax  and  Brana\rick  groea  Uil  be  of  iIia  Mttu 
tux  u  tboM  employed  in  Ex|>erinieuU  1  aud  2. 

n  =  l  inch  diain.,  weighed  73  grs.,  po&ied  through  tube  in  11)  mol 

*  =  l  ..  ..  60  , U      ,. 

^~i  »i  »»  5  II  II  II  •!     If 

'^=1        ..         .1  1  gt-    11  II  .,         »i  ,. 

They  do  not  rotate,  but  have  a  rmooth  gliding  motion.     They  all  keep,  a»  fitr 
their  aixe  «dnuts,  the  axial  stream.     Even  the  Uii^eet  does  not  sofBciently  iinpingtJ 
•gainst  the  aides  of  the  tube  to  cause  any  rotation  ;  there  is  a  minute  space  bctwe 
the  tube  wall  and  the  surface  of  the  sphi<ro  all  round.     The  smallest  spheres  occmfl 
sionally  touch  the  bottom  of  the  tube  shortly  after  starting,  but  are  again  alna 
immediately  drawu  iuto  the  axial  current,  and  pass  through  the  greater  length 
the  tube  within  this.     Out  of  a  number  of  spheres  of  the  same  size,  if  thrrc  is  one 
which  appruachrs  ucarvr  to  the  actual  a^H'cific  gmvity  of  the  water  than  tho  otb«r«, 
that  sphere  keeps  in  the  axial  stream  moat  steadUy. 

The  indications  from  this  experiment  are  very  important      It  clearlH 
8how8,  that,  if  a  body  is  to  run  in  the  axiiil  current,  it  must  be 
nearly  as  possible  of  the  same  specific  gravity  as  the  liquid  in  irhicfa 


it  is  suspended.     TIk  warer  the  tuaptnded  body  approaeha  to  the  tptafic 
veight  of  the  liquid  in  which  U  is  ivimersed,  Ike  more  it  tends  to  oecmpf  i 
Ou  centrf  of  the  stream}     The  cause  of  this  is  apparent  when  t 
construct  a  diagram  us  before.     In  all  the  previous  experiments  therftl 
were  practically  two  forces  at  work  on  the  immersed  sphere.     Thai 
one,  its  specific  gravity,  tending  to  pull  it  dowiiwiirds  or  upwards, 
tho  case  may  be,  the  other,  the  current,  tending  to  drive  it  onwardA^j 
Am  previously  shown,  the  situation  ultimately  assumed  by  the  immeraed 
body  corre8|>ond8  to  tlie  resultant  l>etween  the  two. 

Let  TT  (Fig.  G9)  be  the  tube  and  S  the  sphere  immersed  in  tli« 
water  circulating  through  it.     It  will  be  apparent  that,  according  to>l 
the  relationship  of  the  specific  gra\-ity  of  the  sphere  to  the  water  in 
which  it  is  immersc<l,  the  course  which  the  former  will  pursue  will  be 
more  or  less  oblitjue.      If  the  horizontal  force  be  not  much  greatcra 
timn  that  ci)rrcs|K)Mtling  to  the  specific  gravity,  then  the  diagonal  woukll 
be  ntpresented  by  line  Sa  or  Sh,     But  if  the  disparity  is  much  grMt«r« 

•  Eberth  and  Schimnielbawli  nn  certainly  in  error  wlim  Ihejr  state  (No.  13,  c».  18W 
p.  iOi)  that  "a  atreani  of  fluid  in  a  tutic  li  always  more  rajud  in  the  axis  than  at  t 
wall,  aiiil  that  cor]inMuIar  clcinouu,  hravkr  than  the  tliiid  and  mlxad  with  it,  are  draw*  i 
into  this  awin  axial  ar>a." 
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then  the  course  which  the  sphere  will  pursue  will  be  more  oblique,  as 
in  S;/  or  SA. 

It  therefore  follows,  that  the  nearer  the  specific  gravity  of  the  sus- 
pended body  aj)proache3  to  that  of  the  liquid  in  which  it  is  held,  the 
more  oblique  will  the  diagonals  Womc,  that  is  to  say,  the  diroctions 
followed  by  the  various  bo<lie8  will  Ij©  such  as  those  represented  in 
Fig.  69  by  S — a,  b,  r,  d,  f,  f,  g,  h.  If,  however,  the  body  is  of  exactly 
the  same  specific  gravity  as  the  liquid  in  wiiich  it  is  suspended,  there 
is  of  course  no  downward  or  upward  force,  but,  being  bulk  for  bulk 
equal  with  the  water,  it  is  simply  iintJclled  onwards  as  part  of  the 
circulating  liquid.  Under  such  circumstances  the  suspended  body 
always  tends  to  get  into  the  axial  current.^ 

If  Kome  of  the  spheres  in  this  experiment  are  accidentally  a  little  heavier  than 
water,  they  tend  from  time  to  tirao  to  get  out  of  the  axial  stream.  They  rebound, 
however,  the  moment  they  touch  the  tube,  and  full  BgaiD  into  the  axis.  The  same 
thing  is  noticed  if  they  are  slightly  liijhlfr  than  water.  There  is  a  certain  small 
limit  within  which  a  body  may  be  specificjilly  lighter  or  heavier  than  the  liquid  in 
which  it  is  sU9pende<l  and  still  practically  retain  its  axiAl  position.  With  small 
diffefencea  in  specific  gravity  the  diagonal  ia  so  oblique  as  to  l>e  almost  imperceptible 
in  its  inclination  from  the  horizontnl. 

Tlie  alwve  experiment,  however,  also  demonstrates  that  if  Uu:  specifir, 
(fraviti/  of  several  difftrrent  sized  spheres  is  equal  to  that  of  the  liquid  in 
vhich  thty  are  suspended^  the  larger  the  sphere,  the  slower  it  eircuiates.     In 

A.  R.  c. 
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nents  1  and  2,  where  the  different  sized  sphere*  were  of 
ftr  or  lighter  specific  gravity  than  water,  exactly  the  rarena  of 
this  was  found  to  Imj  true.  In  these  cased  the  krger  the  sphere,  the 
qmckor  it  circulat^Kl. 

The  cause  of  this  is  explained  in  Fig.  70.  Let  T  ui  A,  B,  and  C 
represent  sections  of  the  tube.  So  long  as  the  spheres  (a,  b,  c)  do  not 
KU  the  tulic,  A  wouKl  represent  the  position  of  those  which  are  heavier 
tlian  water,  and  IJ  that  of  those  which  are  lighter.  Now  it  is  evident 
that  Ixilh  in  A  and  H  the  larger  Ihe  sphere  tip  to  a  certain  limit  in  which 
it  nearly  jUis  (he  /«/«•.  the  faslrr  it  uill  more,  l>ccuuse  it  receives  more 
reklively  of  the  swift  filaments  than  one  which  is  smaller.     It  can 

'  Th«  author  will  not  atteiupl  to  explaia  why  this  is  so ;  the  problem  ot  the  maanor 
ta  wfairJi  a  iiarticlc  of  lii^uid  tiiovea  through  a  tube  is  so  complex  as  to  hare  baffled  many 
•«f  our  moat  accompluilieil  pliy«ipi«ts. 
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touch  the  tube  only  at  one  point,  and  hence  escapes  tho 
greater  number  of  the  slow  filaments  l.ving  close  to  the  n. 

Spheres,  however,  of  the  same  «j)ecific  gravity  as  ilie   ■■ 
before  said,  float  in  the  centre  of  the  stream.     Fig.  C  would,  n 
represent  their  position,  and  it  now  l)ecomes  plain  that  in  this  caM 
the  smaller  tlte  sphere  the  more  of  the  swift  and  0-  '-   '  -^  ''■■   -'■■•'•  "'■- 
metUs  icill  impinge  upon  it,  and  Ivnu  the  faster  U  > 

It  is  to  be  observed,  however,  that  when  a  cei  Uuii  miiiimum  oi  bizc 
is  reached,  where  tho  body  is  of  the  same  s]>ecific  i^uHty  as  tho  liquid, 
the  rate  of  progress  does  not  appreciably  alt  iTig   that  in  a 

moderately  rapid  stream  the  central  filaments  ciitu^.     jnu-ticAlly  with 
almost  equal  velocity. 

The  fxiwrimt-nto  (No*.  1,  3,  and  8)  jnatqaoted,  thow  Mine  other  int«reiting  jninU 
as  regwU  th«  relative  nit«  of  tnuumisrion  of  spheics  heavier,  lighter,  and  vf  lb* 
■amo  apvcilic  gravity  as  the  liquid  in  which  they  ore  tnopondrtl.  The  ncwult*  obtaintMt 
•r*  the  following — 

Sfikmt*  Iff  heavier  tpte^/ie  gravitji  tAau  ira/er. 

<•  - 1  ineb  diam.  and  weighs  90  grs.,  poaoe*  through  in  U)  tcosL 
*=l  ..  ..  65  ..  ,.  12     ,. 


Sp/iert*  o/  lighter  ^etife  gravity  than  vnUer. 
a  =  I  inch  diom.  and  weighs  69  gn.,  poisea  tlirough  in  12 
»=l  ..  „  «  .,  ,,  12* 


•SCO. 


Sphertt  (^  MfiM  tfttifit  graviiy  oi  water, 
i>  =  l  inch  diam.,  w«ighe*l  78  gn.,  paoaod  throogh  tube  in  11|  oeca. 
*  =  •  ..  ..  50         11      „ 

•^=1  ..  1  gr 9i    ., 

It  b  apparent  from  this  comparison  that,  notwithstanding  differanoea  ia  da, 
!n  no  case  did  the  epeciflcolly  heavy  or  light  spheres  go  through  in  ]m»  tiSM  tbm 
tboK  which  were  of  siieclGr  gravity  equal  to  the  wator. 

We  may  therefore  conclude  that  a  tpher*  vkoae  tpidfic  (fratilg  i$  tktj^ 
same  as  the  guepeiuiimj  luptitl  will  circulate  fatter  than  emf  $imitar  iphtm 
d^eraU  ^peet/£e  gracify. 

ExrXBiMKNT  No.  t.  —  Thrte  tfhm*  i^ tqvai  e^  tmi  i^  differma  totigkt,  oMtoIt^ 
mtuA  heavier  than  tealer.  Stream  ■«  before.  Thty  may  ba  made  of  wax  aadj 
Termilion,  the  Utter  addi-d  in  different  quantity  to  each.  Each  may  \t»  ]  kacb  tei 
diareetnr,  and  the  only  material  ililTcrencc  brtweon  them  ia  in  regard  to  thslr* 
weight 

They  tbonld  be  started  in  the  tnbe  at  exactly  the  tame  time,  and  sbonlil  at  fbst 
be   in  sp|Mj«iliuD.     TJi"   "no  of  lowest  spe<rific   gravity  is  placed  in  fronl,  that  of  j 
medium  specilic  gravity  eecoud,  an<l  that  which  is  beavieet  last      By  tlie  tiniv  tbi>y  j 
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rMch  tbe  en<l  of  the  tube,  the  firtt  will  b«  found  far  in  lulvanco  of  the  aecond,  and 
tb«  MOond  liefore  the  third,  the  distance  of  Mpuratiou  depending  on  tlie  disparity  in 
their  weight. 

The  conclusion  from  this  is,  that  toUh  spheres  of  tke  same  size  and  of 
grtaUr  spftijie  giaiity  than  the  suspending  liquid,  the  heavier  the  body  the 
doufT  it  movfs. 

ExpsBUOENT  No.  6.  — r»«>  tflkeru,  one  made  of  epermaeeti,  ih»  otter  mutdt  «/ 
tcfk  eovtred  by  t}ninnaati,  and  both  cftKi  tame  list,  the  cork  tphisre  being  consider- 
■bly  the  lighter  of  the  two. 

Roth  have  it  rotatory  motion,  and  the  spermaceti  sphere  moves  much  the  faster 
of  the  two. 

It  is,  therefore,  evident  that  with  spheres  of  the  same  size  and  of 
leu  ipecific  gravity  than  the  suspending  liquid,  the  lighter  the  body, 
the  slower  it  moves. 

Comparing  experiments  4  and  5  we  may  also  conclude  that,  other 
things  equal,  thf  (jrtafer  tlie  divtrfjenee  in  eUher  diredum  of  the-  specific 
ffrnriti/  of  the  smprnded  bodies  from  that  of  thf  liquid  in  whicti  tluy  are 
tmmrrmi,  the  slotcer  they  cireulaie, 

ExpeRi]ir..sT  Xo.  t.—Bodiei  qf  different  ehapcM,  qf  the  mme  absolute  weight,  and 
of  lite  fptcifit  gravity  a*  uxUer. 

For  tbia  experiment  tske  s  disc  and  a  sphere  mmle  of  wax  k>  mixed  with 
vermilion  ai  to  l)e  of  eqnal  specific  gravity  with  wnter.  The  sphere  may  weigh  6 
gnini  and  he  ^  inch  in  diameter ;  the  disc  must  hare  tlio  same  weight  and 
diaiiii't«r  ;  the  only  dilTerenee  between  them  is  as  regards  their  shape. 

They  pass  through  tlie  tube  in  exactly  the  same  time,  one  sometime*  getting  U) 
front  of  the  other  at  first,  but  ultimately  settling  down  to  a  definite  position  in 
the  axial  rnrrent,  unJ  moving  with  exactly  the  same  rapidity.  The  time  occupied 
is  tWim  0  to  10  seconds.     They  lioth  have  a  gliding  motion. 

The  conclusion  from  this  is,  thai  a  disc  and  a  sphere  of  the  same 
specific  (pravity  as  the  li/piid  in  tvhich  they  are  immersed,  and  differing  only 
as  regards  tlwir  shape,  move  with  the  same  rapidity  and  do  not  rotate, 

BxrKKiMRNT  No.  7. — Bodice  of  different  ekapa,  of  the  same  $f«e\fie  gravity  a* 
voter,  but  differing  in  ahmlutr  irrujM. 

Take  •  cylinder  1 1  inch  long  and  |  in<'h  broad  made  of  the  same  material  as  in 
th«  tengeing  0X|ieriment,  and  a  disc  ,>,  inch  thick  vat  from  the  end.  Both  eireu- 
lata  la  th*  sum  time  and  lK)th  hove  a  gliding  motion.  Any  other  sha|ie  may  be 
ioliititatMl,  proviilml  it  does  nut  bring  the  one  body  in  contact  with  more  or  with 
diflSar«nt  filaments  of  llcinid  than  the  other. 

From  this  we  therefore  learn  that  bodiej  of  different  shapes  and 

iih.solittr  irnqlii.f,  but  all  composed  of  a  matninl  of  like  specific  gramty  as 
the  Uqnui^  nrnUaie  in  an  equal  time,  provided  they  are  so  cnnstrxided  as  to 
itoat  in  the  same  part  of  the  eurrent. 

The  rtason  is,  of  rounw,  tlint  hning  of  the  «ame  R|H^'iRc  gravity  as  the  water  they 
amply  •iliplscv  an  r<|uivalent  hnlk  of  it  and  move  as  [lart  of  the  general  stream,  so 
that  if,  from  their  mv  and  shape,  they  come  in  contact  with  the  same  strata  they 
will  more  at  the  mean  rat«  of  these  strata. 
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An  important  point  to  remember,  howcrer,  in  theso  experimonta,  to  «voiil 
fallacy,  is  that  the  bodies  must  be  of  iiaoh  an  actual  weight  that  their  inertia  will 
keep  them  stcaitily  in  the  same  part  of  the  tube.  Although  a  very  thin  <1i«k-,  f'>r 
iastanee,  trill,  if  it  remain  in  ita  proper  stratum,  go  through  in  the  above  maunrr. 
yet,  if  very  light,  it  tends  to  be  displaced  by  rebounding  agaiust  the  tube  more  than 
•  man  of  greater  size  and  having  greater  inertia.  A  fallacious  result  is  very  »|it  to 
•nt«r  into  experiments,  if  this  be  not  attended  to. 

ExrcaiMicNT  No.  i.—A  dite  and  a  ffKtrt  1/  tin  mtmt  mataiai,  dUnuUr.  «■< 
abtiAuU  v!€ighl,  hul  both  0/  gnaUr  or  lot  tpteijie  fravity  (Aom  vaUr. 

Take  a  disc  made  of  wax  and  vermilion  much  heavier  than  water  and  a  Sfilwri  of 
tlio  Mae  OMteri*!  both  |  inch  diameter.     Let  the  thickness  of  the  diie  be  |  inch. 
Paft»  them  through  the  tube  with  the  stream  as  before.     If  the  disc  roll  on  it*  edge,  , 
which  it  has  a  great  inclination  to  do,  it  will  [wun  througli  the  tnl>e  in  th«  tut 
time  as  the  sphere.     If  however,  as  sometimes  happens,  it  lies  horizontally  tn  tba ' 
tube  it  will  go  much  slower  than  the  sphere. 


B. 


A. 


PiaTl. 


80  long  as  the  disc  is  on  edgo,  it  rolls  like  the  sphere,  as  in  Fig.  71  A.,  but  if 
It  (idls  BO  as  to  lie  horixoutally  (Fig.  71  B),  tlien,  as  may  be  perceived,  its  i-itram- 
fereoce  rests  on  the  tnbe  at  two  sides  and  it  floats  along  in  a  single  atratom  witbaat ' 
rotating,  that  stratum  being  near  the  bottom  of  the  tube,  and,  con»c<)aently,  rrry 
slow  in  its  rate  of  progress.  The  same  holds  good  for  discs  of  lighter  sprcitlc  gravity 
than  the  suspending  liquid,  the  only  difference  being,  of  course,  that  they  seek  th* 
upper  instead  of  tlie  lower  level  of  the  tube. 

In  other  reape<.ta,  if  they  rotate  on  their  edjte,  they  behare  exactly  like  ipbOTM 

The  conclusion  from  this  is,  that  a  ditc  gpecificnUy  heavier  or  /ij^Merj 
than  the  mtpendiwf  liquid  behaves  like  a  sphere  of  the  $avu  absoluU  veifftl^  I 
material,  and  diameter,  tn  iU  yusagr  thrauffh  a  /uie,  provided  U  tint  Mpm  ] 
ik  tdge. 

15S.  Conclusions  from  preceding:  Experiments.  —  Puttiqg 
the  facts  we  have  obtuined  from  these  «.'X|)oi  iments  together,  wo  amva 
at  the  following  conclusions  bo  far  an  reganla  a  tube  with  a  wide  bore,  j 

1.  With  Rphericul  1  todies  composed  of  the  samo  substance  whoso 
specific  gravity  is  either  lighter  or  heavier  than  the  suspending  liquid, 
the  larger  the  body  is,  provided  it  does  not  quit«  (ill  the  tube,  the 
quicker  it  will  circulate. 

2.  With  spherical  Ixvdies  coiu]x>i)ed  of  tlie  same  substance  wbose 
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specific  gravity  is  identical  with  the  sitspending  liquid,  the  smaller  tho 
body,  the  quicker  it  will  circuliit^. 

3.  The  only  body  which  will  circulate  in  the  axial  stream  ia  one 
whose  specific  gravity  is  identical  with,  or  approaches,  that  of  the 
suspending  liquid. 

4.  A  body  of  any  shape  which  will  float  in  the  axial  stream  has  a 
gliding  motion ;  all  others  tend  to  rotate  from  the  friction  caused  by 
rubbing  against  the  tube. 

6.  A  sphere  of  any  size,  provided  it  does  not  fill  or  nearly  fill  the 
tube,  and  of  the  same  specific  gravity  as  the  suspending  liquid,  will 
circulate  faster  than  a  similar  s[)here  of  any  other  specific  gravity. 

6.  Other  factors  being  alike,  the  greater  the  divergence  in  either 
direction  of  the  specific  gravity  of  the  suspended  bodies  from  that  of 
the  liquid  in  which  they  are  immersed,  the  slower  they  circulate. 

7.  The.  shape  of  bodies  does  not  materially  alter  their  rate  of  pro- 
gress, provided  they  are  so  constructed  as  to  be  influenced  by  the 
mcae  filaments  of  liquid  and  to  rotate. 


TuE  Phenomena  of  the  Circulation  in  thk  Ultimate  Capil- 
laries Considered  in  the  Light  of  the  Foregoing  and 
Similar  Experiments. 

153.  The  circulation  in  the  ultimate  capillaries,  that  is  to  say,  in 
those  which  admit  no  more  than  a  single  row  of  blootl  corpuscles,  is 
characterised  by  the  following  phenomena: — 

(A)  There  is  not,  of  coiu'se,  any  axial  core  of  coloured  corpuscles. 

(B)  The  coloured  corpuscles  glide,  the  colourless  roll,  even  in  an 
animal  with  round  coloured  corpuscles,  and  both  circulate  with  nearly 
equal  rapidity. 

(C)  The  circulation  within  the  vessels  sometimes  ceases  by  a 
colourless  corpuscle  blocking  the  tube,  even  although  it  may  be  smaller 
than  the  coloured. 

Let  us  examine  and  endeavour  to  explain  these  phenomena  in  the 
above  order. 

(A)  In  a  capillary  tube  of  moderate  dimensions  there  appears  to  be 
an  axial  stream  of  liquid  just  as  in  a  larger  tuW,  but  the  corpuscles 
too  large  to  occupy  this  exclusively,  the  axial  core  is,  of  course, 
The  relation«hip,  therefore,  cornea  to  be  very  much  the 
nme  m  in  the  apparatus  previously  described  when  we  employ  bodies 
of  such  size  as  to  corrcsjmnd  in  relative  dimensions  with  the  corpuscles 
in  an  ultimate  capillary. 


(B)  ExpitniMKNT  N< 
luU,    Same  (trBtm. 


H.—Larye  tubt  as  be/ore.     Thrm  ipkina  mmrlg  filling  tht 


<«)  Spte^eaUf  ktavitr  than  water    RoUte*.     Time  =  1 1 J  aecx. 
<»)  „         tiffhUr     „       ..        Rotat««.        „    =  12    „ 

(c)  ,,         ihemim«(u      „        OlidM.  „    =  Hi  ,. 
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EZPEBIMENT  Ko.  10.—^  tphm  and  a  dise  both  of  mimt  tpec^fit  gravity  u  i 
ami  Itvth  tuiarly  filling  tht  tube.  Botli  |Ni8s  through  the  tub«  in  ll^  aeei.  uA  ' 
glide. 

Starting  npoii  the  aosuinption  that  the  colourless  corpnicles  arv  specifically  th« 
lighter  of  the  two,  the  coloured  approaching  nearer  to  the  spocific^  gravity  of  tho 
plasma,  wo  have,  in  the  above  experiments,  a  complete  explanation  of  the  rolling 
and  gliding  motions.  Tho  8|H'cilica11y  light  corpuscle  comes  in  contact  «rith  the 
Teasel  wall  more  thsn  that  which  is  of  the  satiio  sfiecific  gravity  as  the  pla«iiui,  and 
heno«,  as  before  explained,  will  roll.  The  fact  that  the  colourlos  roll  in  an  nltimati. 
capillary  while  th«  coloured,  even  when  of  round  sha|>c,  glide,  is  strong  proof  of  I 
their  ditferonce  in  specific  gmvity  and  of  the  nearer  approach  of  the  specific  gravity 
of  the  coloured  to  tho  blood-plasms  than  that  of  the  colourless. 

Another  cnrious  point  a.s  mgards  the  ultimate  capillary  circalation  is,  that  thtn  i 
no  marked  dilVerence  in  the  rapidity  of  motion  of  the  two  kinds  of  corpuAciek 
will  be  seen  from  Experiments  9  and  10,  this  is  f\illy  borne  out,  for  when  we 
to  bodies  of  different  s{iecilic  gravity  nearly  filling  a  tube  the  diflorence  in  the  nspidit 
of  their  motion  becomes  infinitely  less  thsn  when  they  are  smaller.  From  the  above 
rtsolts  it  will  be  seen  that  it  was  only  half  a  second  in  a  diatanc«  of  £}  feet.  Th* 
reason  for  this,  in  all  likelihood,  is,  that  when  the  circulating  body  is  so  larga 
almost  to  fill  the  bore  of  the  tube  the  amount  of  binico  between  its  circamference  i 
the  interior  of  the  tube  is  so  slight  tiiat  no  great  amount  of  water  can  pasa  bet 
thorn.  Each  sphere  therefore  receives  nearly  the  full  force  of  the  entire  stream,  i 
that  it  is  impelled  onwards  quite  irreapective  uf  the  comparatively  alight  ngsutance 
caused  by  their  greater  or  leas  friction. 

(C)  The    cause    of   a    colourless  corpuscle  blocking  the  tubQ  UQ- 
dnubt«dly  is  that  its  light  specific  gravity  tends  to  press  it  upwardsi 
against  the  wall  of  the  vcssul,  to  which  it  may  even  become  tempor&rilj 
adhuront. 

154.  Lessons  from  above. — From  these  c]q>erimenta  vre  le 
that  if  tiie  coloured  cor|)Uscles  were  not  so  balanced  as  to  cload) 
approach  the  specific  gravity  of  the  plasma,  the  circulation  of  th* 
blood  would  become  a  physical  iraimssibility ;  for  if  they  were  markedly 
Ughter  or  heavier  than  the  plasma^  they  would  constantly  tend  to 
obstruct  the  capillaries  and  to  hinder  the  onward  flow.  The  essence 
of  tho  blood  as  a  circulating  fluid  is  that  the  large  majority  of  the 
corpuscles  never  touch  the  wall  of  the  vessel,  but  glide  in  the  central 
stream.  Were  the  coloured  corpuscles  to  rub  against  the  wall  of  the 
veaael,  the  friction  would  be  so  enormous  over  the  whole  capillary 
system  that  the  heart,  as  at  present  constituted,  would  be  wholly  in- 
adequate to  drive  the  blood  onwards.  Indeed  it  is  possible  that  if 
the  blood  corpuscles  all  differed  materially  from  the  e{>ecific  gravity 
of  the  plasma,  tho  circulation  could  not  be  carried  on  under  nnyJ 
circumstances. 

Soma  timo  since  it  waa  proposed  by  snrgoons  to  transfuse  nilk  insfeesul  of  1 
in  cases  i>{  traumatic  or  idiopathic  aniemia.    In  all  cawn,  however,  m  Ev  s* 
author  hoa  examined  into  the  subject,  the  symptoms  which  have  followed  th*  I 
lion  of  milk  into  a  vein  have  been  of  the  most  alarming  character.     Uiglio 
CSa.  57,  188S,  and  No.  49,  p.  249,  1883)  found  that  milk  introduco<l  into  th*  ci 
lation  of  dogs  caused  dysjinoBa,  vomitiog,  diarrhoea,   prostration,  and  even  de 
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Milk  seruni  alonp  had  no  elTcct.  Difficulty  of  brouthin^;  and  lividity  of  the  face 
constuitljracronipany  thin  procedure  in  M»n,  when  tho  quantity  of  milk  tranafiued 
ha.^  been  «t  rU  Urj^e.  The  tranHfusion  of  milk  has  Booonliiigly  fallen  into  disrepote 
for  thii  reason.  Moat  of  the  luillc  globules  from  thrir  liglit  s])cci(ic  granty  would  be 
fors  to  float  into  the  ]>eripheral  layer  on  the  surface  of  the  blood  Rtream,  and  ^ontd 
p«BS  through  tho  jmlmouary  capillaries  with  the  greatest  difficulty.  This  ia  the 
explanation  of  the  dyapmea. 

Another  example  of  the  same  thing  is  seen  in  fat  embolism  from  fracture  of  a 
boue,  and  in  the  lipsmia  of  diabetes  where  the  blood  i^ontaius  a  great  quantity  of  a 
fatty  cmnUion.  Under  such  circnmstances  the  impediment  to  the  circulation 
results,  ill  the  course  of  time,  in  a  total  arrest  of  the  blood  stream. 

Air  embolism,  where  for  instance  air  is  aspirated  into  a  rein  In  a  sui^pcal 
operation,  proves  fatal  from  a  like  cause.  The  air  gloimlea  are  much  too  light  to 
circulate  and  they  form  embolic  obstructions. 

The  foregoing  facts  demonstrate  the  exquisite  adapla))i1ity  of  the  blood  for  circu- 
lating pur{iuaea,  and  also  show  tho  great  danger  of  allowing  aubstancea  of  wrong 
specific  gravity  to  ent«r  the  blood-reaaeU. 


Experiments  on  the  CmcrLATioN  of  Bodies  through 
Capillary  Tubes. 

1.t5.  In  most  respects  the  author  has  fouml  that  the  circulation 
of  bodies  through  capillary  tubes  is  regulated  by  tlie  snniu  laws  as 
the  circulation  of  larger  bcxiies  through  correspondingly  Lirger  tubes.BUch 
as  those  employed  in  the  foregoing  experiments,  In  order  to  see  the 
exact  part  of  the  capillary  tul)e  occupied  by  bodies  circulating  in  it,  it 
IB  necessary  to  place  it  horizonially,  with  the  microscope  similarly 
inclined.  Looking  at  the  tu)>e  fnmi  iiljove,  it  is  iu]|)ossible  to  see 
the  different  layers  of  liquid  and  the  bodies  contained  in  them  with 
exactitude. 

The  capillary  tube  ought  to  be  cemented  to  a  slide  with  glycerine 
j«Ily  and  covered  with  a  glass  slip.  It  is  attached  at  one  end  to  an 
aupirating  liottle,  and,  at  the  other,  is  placed  in  the  liquid  to  be  cir- 
culatc<l.  In  all  cases  special  care  must  bo  taken  that  the  bodies 
8us|)ended  in  the  liquid  are  suflicicntly  small  to  enttT  th«>  capillary 
tube.  In  order  to  ensure  this  it  is  necessary  to  filler  the  liquid  in  all 
caaes  through  muslin  or  some  such  coarsely  porous  substauco. 

KsniatMKTr  No.  U.—CSrtuMion  of  blood  through  a  tajnUary  tube. 

Ths  capillary  tube  apparatus  baring  been  all  prvriously  arranged,  the  head  of  a 
wtlet  newt  or  frog  is  cut  olT  and  a  few  drops  of  blood  allowed  to  fall  on  a  watch-glass 
preriously  cooled.  This  is  iniinediately  brought  in  contact  with  tho  end  of  the 
npillary  tube  and  most  Iw  looked  at  microscopically  very  soon  after  reaching  the 
.fart  of  tho  ttib«  nndsr  the  microscope,  uthcrwisc  the  coagulation  which  occurs  will 
pat  a  stop  to  its  puHgtk  When  looked  at  in  the  horizontal  position  as  before 
dsKTiWl  there  is  aeso  to  be  a  dear  area  on  the  upper  surface  of  the  tube '  in  which 

iiuietly  the  colourleaa  corpuscles  run.      Not  a  single  colourless  corpuscle  is  to  be 

'  Tti»  ixMitlon*  are  of  course  rovtrMd.  In  all  his  remarks  the  author  refers  to  (Me 
»(tMal  upjier  turface,  that  is  to  say,  tbe  lower  surface  as  seen  microseoplcally. 
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■MB  on  the  lower  nirfsce  of  the  tube.    The  coloured  corposcles  occupy  the  azt 
■tNUD  AS  in  the  rircolation  through  the  hlood-vensels,     If  after  cosgnUtion  hul 
occurred,   and  after  the  tranamusion   of  the  blood  has  conaequently  oeaatd,  the 
capillary  tube  be  moved  along  under  tho  mirroacope,  the  colourlecs  corpmrlea  will 
be  8till   found    on   the  upper   rarface.     It  should    also  be    mentioned    that  tba , 
leucocytes  here,  aa  in  the  TMsela,  have  a  rolling  motion,  while  the  coloured  blood  CO 
poscles  glide. 

Exr  EBl  ME>'T  No.  1 2.  — Blood  which  hat  ban  dtfibrinaied  aiul  whote  tpedfic  gravity 
u  1040. 

This  runs  comparatively  eas]y  through  a  capillary  tube.  A  clear  stratum  ia 
oWrved  in  the  up{)er  third  of  the  tube  in  which  are  occasionally  seen  colourleaa 
corpuscles  and  a  few  coloured.  The  colourless  roll  and  the  coloured  also  roll  when 
they  accidentally  touch  tho  tube  on  their  edge.  If  not  on  edge,  they  merely  turn 
over  occasionally,  exactly  as  a  disc  does  in  the  large  tube.  The  lower  two-thirtis  of 
the  tub*  are  lillwl  with  coloured  corpnsdes.  They  crowd  towards  the  lower  part  of 
the  tube,  but  a  considerable  number  of  them  being  carrio<l  along  with  great  rapidity 
in  thu  uxial  stream,  have  a  gliding  motion.  When  the  circulation  of  tliis  blood  ia 
slopped  and  the  tube  filled  «ith  it  observed  for  a  few  minutes,  the  whole  of  the 
bloixl  cor[mscles  settle  down  to  the  bottom  of  the  tuUs  leaving  the  •erum  above  per- 
fectly free. 

EXPXRIJIEKT  No.  \Z.—t>^briwiUd  blood  mAom  tpee^^  gravUf  Ku  6«m  nttmi 
to  ktiMM  lOtfS  lo  1070  by  tht  addition  <(f  eommoit  aaltaiutt^aibumin. 

Nearly  the  whole  of  the  coloured  blood  corpuscles  run  in  the  axial  stream.  The 
dear  area  on  the  up|H'r  surface  of  the  tube  \h  not  well  markoii,  and  the  colonreil 
oorpuaclea  do  not  tend  to  atrcumiilate  on  the  bottom  of  the  tube.  Tho  oolonrleaa 
an  aeen  to  move  in  the  narrow  clear  araa  on  the  upper  surface  of  the  tube  aa 
before,  and  the  separation  of  the  two  kinds  of  oorpoacic  is  evident.  There  ia  not 
the  same  tendency  for  the  colourvd  corpuscles  when  at  nst  to  settle  at  the  bott«u 
of  the  tube. 

ExpERlMliNT  No.  14. — D^/HrituUtd  blood  whom  ipee^fie  gravity  ia  raittd  iUtt 
higher  by  the  anme  vuttnt. 

The  coloured  corpuscles  are  entirely  displaced  from  the  lower  level  of  the  tiib« 
There  is  no  well-dutiued  clear  area  at  the  up|ier  part  of  the  tnbe  and  the  axial  atraam 
is  Very  Well  marked,  a  great  many  of  the  cvrt>usclea  being  drawn  into  it.  Thogdo  Mt€ 
mUU  at  the  boflvm  nlieu  at  rut. 


These  experiments  show  that  by  altering  thr  sptcific  gravity  cf  the 
blood  plasma  through  a  mngr  of  somrlhinrj  like  1040  to  1080  the  colound 
hlood  eorpmdet  ean  bf  made  Utjlont  at  any  Uvel.  Tlu:  lovrr  the  spf^ijie  grantf 
the  mtn-f  tkfij  tnul  to  come  in  contact  with  the  bottom  of  the  tulie^  the  higher 
the  rprcifir  ^aritij  tJte  more  they  rise  to  the  higher  letrU.  The  nearrr  the 
natural  specijic  gravity  of  the  normal  pkuma  i»  approached  the  mart  tkejf 
occupy  the  am  «fi<i  the  quicker  they  move. 

ExnuiiUKsr  No.  15. — Cireulation  c/ Milk. 

Milk  when  passed  through  a  horixontal  capillary  tnbe  shows  the  following  appew- 
ancea : — ^The  greater  number  of  tlie  |uirttcl«s  float  on  the  npper  surface  of  the  tube  in 
the  peripheral  stream,  but  many  of  them  run  in  the  axis.  The  l>ottom  of  the  tube 
la  left  perfectly  clear.  Those  particles  at  the  periphery  rotate  like  colourleas  blood* 
eorpoKlM  and  hive  a  great  t«ad«ncy  to  be  arrested  in  their  progress     Tho«i  in  tlie 
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•xia  have  a  gliding  motion.  This  waa  previoualy  shown  by  Schklarewtky  to  be  tho 
appeanoce  of  circulating  milk.  He  acconnCa  for  the  separation  of  the  particles  into 
peripheral  and  axial  strata  by  the  dilTerence  in  sixe  of  the  particles.  He  says 
(tee.  cU.)  "the  larger  particles  play  the  part  of  red,  the  small  the  part  of  colourleu 
oorposclcs."  This  is  certainly  not  correct,  there  being  in  reality  naually  more  of  the 
large  particles  at  tho  periphery  of  the  stream  than  at  the  centre.  The  separation 
into  theee  two  layers  is  exactly  what  might  be  expected  from  the  dilference  in  the 
speciAc  granty  of  the  globules  of  milk,  if  milk  is  allowed  to  stand  even  for  b  short 
time,  we  know  that  tho  particles  which  are  richest  in  oi!  rise  to  the  surface  in  the 
form  of  cream.  There  are  many  other  globules,  however,  which  do  not  rise  to  the 
surface  even  if  tho  milk  be  allowed  to  stand  for  a  lengthened  puriod.  They  oven  do 
not  sink  to  the  bottom  of  the  vessel,  but  remain  suspended  in  the  milk  serum.  The 
former  are  mnch  lighter  than  the  milk  serum,  the  latter  are  apparently  of  exactly  the 
aam<  specific  gravity.  If  thote  two  kinds  of  niilk  globule  are  allowed  to  circulate 
throngh  a  tube,  what  we  should  expect  from  tho  experiments  fomierlj'  recorded  would, 
of  coarw,  be  that  the  light  p«rticla)  would  occupy  the  boundary,  while  those  which 
are  of  equal  s^iecific  gravity  with  the  aerum  would  float  in  the  axis.  This  is  what 
actually  takes  place. 

There  ia  another  reason,  however,  why  a  largo  number  seem  to  nin  in  tho  axis, 
namely,  that  the  globules  are  so  nameroiu  in  the  {leriphcral  layer  that  they  push  each 
other  more  and  more  towards  tho  axis,  those  which  are  driven  inwards  in  this  way 
being  whirled  along  in  the  swift  axial  strata  for  a  certain  distance,  and  licnce  making 
it  appear  as  if  there  were  a  greater  incliiiatiou  towards  the  axis  than  there  really  is. 
If  milk  be  diluted  with  serum  of  the  same  specific  graWty  as  that  of  the  milk,  so  that 
there  is  present  in  the  mixture  only  a  aniall  number  of  milk  globules,  then  it  is  only 
occMionally  that  one  of  tho  peripheral  globules  gets  into  the  axis,  by  far  the  greater 
munber  float  on  the  upper  surface  of  the  tabs. 

SzriKiKJiiiT    No.    16. — D^hrimUtd  blood   and  milk  mixed  in   variouM  prO' 

In  all  cases  the  blood  corpuscles  occupy  the  lower  and  tho  axial  strata,  the  luilk 
globolea  the  upper  and  tho  axiaL  The  milk  globules  behave  in  all  respects  exactly 
like  lenoocytea,  rolling  along,  becoming  arrested,  and  when  the  stream  ia  slackened, 
•flcnmalating  in  tlie  upper  part  of  the  tube.  When  brought  to  rest  the  milk  rapidly 
Moomnlatea  in  the  upper,  the  blood  corpuscles  more  slowly  in  the  lower  part  of  the 
ttlht.  The  qaicker  the  stream  the  leas  the  milk  globules  tend  to  lag  behind  and  to 
McoainUte  in  its  channel. 


ExpRiiiMBNT  No.  17.— Cinnabar  jnrtieUt. 
In  exparimentiog  with  subatancea  of  this  kind  it  U  es.sential,  of  course,  in  order  to 
•void  error,  to  see  that  they  are  perfectly  pure.  Pure  cinnabar  when  eircnlatefl  with 
watar  runs  exclusively  on  the  bottom  of  the  tube.  Wheu  mixnl  with  half  the 
quantity  of  milk  the  cinnabar  still  moves  in  the  bottom  of  the  tube,  tho  milk  in  the 
apift  levels.  Ikilfa  milk  and  cinnabar,  therefore,  circulate  slowly  and  with  some 
difficulty.  The  longer  the  tube,  the  more  they  tend  to  be  arrested  in  it  The  quicker 
th»  atnaia,  the  more  rapidly  they  move ;  and  if  the  itream  be  made  very  slow,  tho 
partffilai  wUl  not  circulate,  even  although  there  may  be  a  current  in  the  centre. 

Conclusions. — These  experiments  with  a  capillary  tube  exactly 
bear  oat,  as  will  \)e  noticed,  wliat  the  previous  experiments  with  the 
laner  tube  demonstrated,  namely,  that  the  situation  occupic<l  by 
bowe*  circulating  in  a  tube  depends  upon  the  rdaiioiiship  bdween  the 
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Kpedfic  ijramtij  of  the  bodies  to  the  liquid  in  ichirJi  thfy  are  suspended. 
Fiirtlier,  that  the  ease  with  which  any  suspended  bodies  will  circulate 
de|>ends,  their  size  being  appropriate  to  that  of  the  tube,  upon  this 
relationship.  The  more  they  diverge  in  specific  gravity  from  that  of 
the  suspending  liquid  the  more  friction  is  caused,  and  the  mor« 
tendency  there  is  to  their  becoming  retarded  and  finally  arre«ted  in 
their  progress. 

Thoma'i  rxperiincnta  (No.  18,  Ixxir.  {>.  860)  (Mm  to  fully  oorrobonte  th«M 
riow*.  Th«y  consisted  in  examiDing  the  meientory  of  a  small  warm-blood  animal, 
auoh  as  a  dog,  guinea-pig,  or  cat,  while  it  wan  immersed  in  salt  aolation  of  diflerrnt 
■treagths.  Ho  finds  that  with  a  8  per  cent  nit  solution  the  peripheral  tone  entirely 
dlsappaara,  and  the  coloured  corpuscles  come  to  occupy  the  whole  lumen.  Tbs 
circulation  is  at  first  incruasod  in  rapidity,  but  very  soon  becomes  alow  and  is  finally 
anvstml.  The  results,  in  all  jirobability,  are  owing  to  an  alteration  in  the  specific 
gravity  of  the  plasma  produced  by  an  increased  transudation  of  water. 

Prom  theae  and  tho  foregoing  expvrimentji  wo  further  Icam  of  what  imnMBM 
iui|>ortauca  it  must  be  to  relain  t\e  tpte\fie  gravity  o/ tfu  blood  plusma  at  a  proper  lewtl. 
We  have  seen  that  a  very  slight  decrease  fh>m  the  normal  is  sutScient  to  allow  the 
colour«<l  blood  corpuscles  to  accumulate  and  run  along  the  bottom  of  th*  tab*. 
Dill  the  same  thing  liapjien  during  life,  we  can  imagine  what  a  revf  aeriooa  nralt 
would  ousuol  The  friction  caused  by  the  passage  of  the  blood  throogh  tha  mull 
vwaala  would  thus  be  enormously  increased,  and  there  would  be  a  constant  tcndenqr 
to  Itigitation.  The  milk  stream  circulates  with  great  difficulty  because  it*  globq 
aeonmnlata  iu  Uio  upper  part  of  the  tube.  In  the  same  way,  if  the  plasma  i 
below  the  Doniial  specifio  grmvity,  the  blood  corpuadea  will  circulate  with  great  diB- 
culty— the  wholo  blood  stream  will  be  retarded. 

Albuminuria. — It  ia  a  fact  familiar  to  every  physician  that  in 
•riMftM  Mummma  thett  u  a  great  temdenof  to  ii^flammiHont  ef  iifftrtid 
Mub,  wiflh  M  plaurity,  pneumonia,  pericarditis,  ate.  Small  hiamor- 
rliagM  «re  alao  oommoa  in  differvnt  parts,  such  as  the  retina,  the 
perieardium,  or  aeroua  coat  of  the  intestine.  There  ia  also  a  tendency 
to  kijpertrophy  ol  the  left  rentricle  of  the  heart,  and  there  is  more  or 
leai  faiMntl  dropqr,  llej  w*  mtaj  oi  thaw  pathological  phenomena 
be  dtte  10  a  wrong  qteeifle  gnkTi^  el  the  pkemt  owing  to  the  draining 
i4f  iu  owesuTe  quantitjr  by  the  kidaeja  either  of  the  water  or  the 
aiUimin  I  In  AmtUt  dtdmm^  where  the  dnin  of  water  from  the  intee- 
tiae  is  «ixc«Mv«^  and  where  the  eavitieB  after  death  are  peculiarly  dry, 
the  r«|)k)  cttUepe  m»y  be  dae  lo  the  eeae  eanse.  The  friction  between 
the  wall  of  the  tesMle  ead  the  impmhw  is  too  great  to  allow  the 
Wean  to  drive  «•  the  Uodd  eineB. 

Tho  Mib)«e%  is  oae  whieh  has  reeemd  tittle  itteotioM.  the  geoend 
e|j»iuii  beiiig  thai  aM  aert  et  iae  neitieles  will  dmkte  eaaetiy  ne 
the  Uood  c(ir«<*>»>-I<M  d<v    There  eoMd  ao4  he  a  gieaiii  iiii»talre, 
it  it  certaih  '<m  th< 
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panying  diseases  affecting  the  composition  of  the  blood,  must  be 
explained  on  some  general  cause.  The  above,  in  all  probability,  will 
be  found  in  most  cases  to  account  for  them. 


The  Application  of  the  above-described  Experiments  to  thb 
elxpl^nation  of  the  phenomena  seen  in  the  circulation 
OF  THE  Blood  Corpuscles. 

1 56.  From  the  foregoing  it  is  evident  that  if  the  coloured  corpuscles 
lire  nearly  or  exactly  ecjual  to,  and  if  the  colourless  are  specifically 
lighter  than,  the  blood  plasma,  what  takes  place  in  their  circulation  is 
exactly  that  which  we  should  expect — the  coloured  run  in  the  axial 
■tream,  the  colourless  in  the  peripheral. 

It  luB  been  frequent];  arged  that  we  have  no  proof  that  the  colonrless  corpasdet 
are  tpecilically  lighter  than  the  plasma,  because,  it  is  snid,  if  blood  is  allowed  to 
stand,  the  colourlesa  corpascles  do  not  gather  in  a  layer  on  the  top.  Far  from  thii 
diaproriiig  that  the  colourless  are  not  specifically  lighter  than  the  plasma,  it  is  only 
what  ahould  b«  expocted  under  the  circumstances.  If  we  consider  that  the  colour- 
laaa  in  relation  to  th<^  coloured  are  in  the  proportion  merely  of  1  to  600  or  700,  it  is 
sorely  not  a  matter  for  wonder  that  they  are  hold  down  by  the  preponderance  of  tho 
latter  and  will  thus  not  be  able  to  rise  to  the  aurface.  Were  the  blood  composed  of 
bodies  (tJl  ipccifically  lighter  than  the  liquid  in  which  they  are  suspended,  or  were 
then  ■  preponderance  of  such  bodies,  then  the  light  particlcji  would  very  soon  come 
to  the  surface,  but  if  the  light  be  merely  in  the  ]iro|>ortion  of  1  to  dOO  or  700  of  the 
hasTy,  and  if  the  latter  are  of  the  same  or  of  slightly  gn>atcr  aix'rific  gravity  than 
the  plasBu,  they  will  not  rise  to  the  surface  but  will  bo  held  down  by  the  pre- 
ponderance of  the  heavy. 

It  can  be  shown  experimentally  bow  this  may  be  brought  about  by  mixing  smatl 
piaets  of  wax  and  Brunswick-green,  very  slightly  heavier  than  water,  with  amall 
pisocs  of  pure  wax  in  the  same  proportion  as  the  blood  corpuscles.  Lot  these  be 
snspended  in  a  long  narrow  vessel  with  a  quantity  of  water  proportionate  to  that  of 
the  plaama  of  the  blood.  If  the  vessel  ia  shaken  so  as  to  mix  the  two  kinds  of  body 
together,  and  then  brought  to  rest  in  the  upright  position,  the  pieces  of  pure  wax 
40  not  necwsarily  come  to  the  surface,  but  are  held  down  by  the  specifically  heavier 
•ad  mnch  more  abundant  pieces  of  wax  loaded  with  Brunswick-green.  How  mach 
more  will  this  be  borne  out  in  blood  placed  in  a  vessel  where  there  are  millions 
apon  millions  of  blood  corpuscles  heaped  together,  nay,  tending  to  run  together 
•o  a*  to  entangle  the  leucocytes,  and  thus  preventing  the  lighter  specific  gravity  of 
the  latter  from  asserting  itself.  Were  the  colovirleas  coipusdM  in  greater  number,  it 
might  only  l>e  expectc<l  that  they  would  rise  to  the  snrfiuse  in  a  distinct  layer  in 
living  blood. 

//  matf,  thrre/orf^  he  panted  that  the  only  method  by  which  the  phenome- 
of  the  tepanUvm  of  the  hUiod  eorjmsclee  in  the  circidaiing  currerU  can  he 
about,  is  by  the  colourless  being  specifically  liytUer,  and  the  coloured 
^  the  tame  tpedfie  (/ratsily  as  the  blood  pUuma. 

If  this,  hoifrever,  1>e  true,  it  might  be  said  that  all  the  colourlen 
oorpaacles  should  accumulate  on  tbo  U[)per  surface  while  the  coloured 
■hoald  Iks  all  in  the  centre  of  the  stream.  Wore  the  blood-vessels 
straight  horizontal  tubes,  this  would  undoubtedly  be  the  case,  but 
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seeing  that  they  twist  in  all  directions  and  ran  at  different  levels, 
giving  off  branches  and  bo  forth,  there  will  be  a  constant  tendency  to 
mixing  of  the  two  kinds  of  corpuscle,  while  it  will  he  only  at  intenr»la 
that  a  separatinri  of  the  white  will  occur.  Tho.sc  colourless  corpuscles 
which  are  mixed  with  the  coloured  at  the  centre  of  the  stream  will 
not  readily  escape  to  the  periphery.  They  will  be  carried  along  in  tho 
midst  of  the  stream  of  coloured  corpuscles  running  in  the  axis  of  th« 
tube.  It  will  only  be  when  the  colourless  come  near  the  surface  of  tha 
mass  of  coloured  corpuscles,  or  when  the  vessel  and  consequently  the 
axial  stream  are  very  small,  that  they  will  tend  to  esca|>e  into  tho 
periphenil  still  layers. 

It  might  be  said  again,  however,  that  the  colourless  corpuscles,  when 
they  once  escape  from  the  axial  stream,  should  all  be  found  at  the 
highest  limit  of  the  vessel.  This  also  is  not  so  necessary  as  at  fint 
sight  appears,  for,  as  seems  very  likely,  when  the  leucocyte  has  escaped 
into  tho  still  layer  and  come  in  contact  with  the  wall  of  the  tube,  it 
will  tend  to  adhere  by  its  friction  to  any  portion  which  it  touches. 
Any  part  of  the  upper  half  of  the  circumference  of  the  vessel  might 

therefore  lodge  a  colourless  corpuscle, 
its   position    depending    greatly  upon 
the   part   of  the   axial   stream    from 
which  it  has  escaped. 
2  Thus  in  Fig.  7  2  let  us  suppose  f^  | 

to  represent  a  vessel  on  transverse 
section  and  5  the  axial  stream,  it  is 
evident  that  if  a  leucocyte  cscajie 
from  the  axial  stream  at  the  point  d 
it  might  easily  find  it«  way  to  either 
y,„  jj^  of  the  sitiwtions  rf,,  rfj,  d^  and  by  it« 

pbsticity  become  applied  to  the  wall. 
This  would  be  especially  the  case  were  the  byers  of  liquid  in  tho  still 
area  moving  very  slowly  as  in  the  veins.  Hence  we  may  encounter  * 
colourless  coqiuscle  in  any  of  the  situations  represented  by  d^.  d^  d^  etc 
TTie  colourless  corpuscles  accumulate  more  in  the  peri- 
pheral stream  when  the  current  is  feeble  than  when  it  is 
brisk. 

This,  in  relation  to  the  diapedcsis  of  leucocytes,  is  probably  one  of 
the  most  important  facts  connected  with  their  circulation.  It  is  well 
known  that  as  stngnjitlon  is  approached  in  an  inflamed  part  the  leuco- 
cytes tend  to  accumulate  in  the  {Xiripheral  stream,  while  the  coloured 
corpuscles  still  pass  on  in  an  even  line  in  the  axis.  The  expUnation 
wbkh  it  generftUy  given  (Thoma,  Eberth,  and  Schimmelbuscb)  of  the 
OMIM  of  this  s«ems  to  be  correct,  namely,  that  it  is  owing  to  the  slow- 
noM  of  the  current,  which,  although  insufBcietit  to  drive  the  specifically 
light  colourless  corpuscles  onwards,  is  still  competent  to  cau»e  the 
coloured  cori)U8oleB,  presenting  as  they  do  leaa  resLstance,  to  continue 
to  circulate. 
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Eberth  and  Schimmelbuacli  <No.  13,  vol.  ciiL  1886)  state  that  in  the  vessola 
of  ■  wann-hlood«d  animal  four  kinds  of  stream  are  noticed  in  accordiincc  with  its 
velocity — (1)  The  normal  atr«am  in  which  the  axial  current  and  peripheral  zone 
are  rcAilily  re<.'Ognij<able  ;  (2)  a  slow  atrcam  in  which  the  leucocytes  accumulate  in 
the  periphery  ;  (3)  a  still  slower  Btrcam  in  which  tho  blood  plates  also  leave  the 
ajda  and  accumulate  in  the  periphery,  and  in  which,  these  observers  assert,  the 
leucocytes  become  less  in  number,  although  this  would  require  confirmation  ;  and  (4) 
a  stream  so  slow  as  to  approach  stagnation,  in  which  all  the  elements  of  the  blood 
are  indiscriminately  mixed. 

The  following  experiment  goes  to  support  the  above  view ; — 
Japtrimmt  No.  18. — Arrange  the  large  tube  as  before  and  let  the  stream  at  first 
1m  Ttry  slow.  Introduce  a  small  sphere  of  spermaceti  and  a  disc  made  of  wax  and 
vermilion  of  the  same  size,  but  equal  to  the  spcL-ific  gravity  of  the  water.  It  will  be 
found  that,  while  the  diac  readily  passes  through  the  tube,  even  with  a  very  slow 
enrrent,  the  sphere  refuses  to  move  or  does  so  intermittently.  The  same  can  be 
demonstrated  nith  two  small  upherea.  IF  the  rapidity  of  the  current  is  now  increased, 
everything  is  at  once  swept  out  of  the  tube.  This  demonstrates  why  the  colourleaa 
earpnacles  are  found  more  abundantly  in  the  (mriphenil  stratum  of  the  small  veins 
where  the  corront  is  slow,  than  in  that  of  the  arteries  where  the  flow  of  blood  is 
BBneh  more  rapid.  It  also  has  an  im|iortant  lieuring  upon  the  accumulation  of 
leucocytes  in  the  periphery  during  inflammation,  a  subject  presently  to  be 
referred  to. 


GENERAL  CONCLUSIONS  FROM  ALL  THE  FOREGOING  FACTS. 

157.  (1)  The  difference  in  position  of  the  coloured  and  colourleBS 
corpuscles  circulating  in  a  vessel  is  not  owing  simjtly  to  the  one  being 
heavier  than  the  other,  but  to  the  specific  gravity  of  the  coloured 
beio£  nearly  alike  with  the  plasma,  while  that  of  the  colourless  is  con- 
iMnbly  less. 

(2)  The  rotating  motion  of  the  colourless  is  due  to  their  coming  in 
contact  with  the  wall  of  the  vessel. 

(3)  The  difference  in  their  rapidity  of  motion  is  accounted  for  by 
their  respective  situations  in  the  axial  and  peripheral  streams. 

(4)  A  certain  rapidity  in  the  flow  of  blood  through  the  vessels  is 
slutely  necessary   to   keep   the   colourless    corpuscles   circulating. 

Whenever  this  is  diminished  they  tend  to  accumulate  in  the  peripheral 
aooe,  and  to  obstruct  the  onward  passage  of  the  coloured. 


CHAPTER    XIV 

INFLAMMATION— ((7(»thnu«i) 

Methods  of  sxAiaNiNo  the  Vascular  Phenomena 
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158.  The  Frog's  Web. — Rana  temporaria  (common  English  frog) 
U  to  >>e  preferred  to  li.  eiculenia,  as  the  web  ia  more  delicate.  Nothing 
mora  is  necessary  than  a  piece  of  tin  or  other  soft  metal  about  I|  tO' 
i  in.  broad  and  about  6  to  8  in.  long ;  or  what  is  even  better,  a  thin 
piece  of  hard  wood  of  the  sums  dimensions.  At  the  end  where  the 
web  is  to  be  stretched,  it  should  not  be  so  broad.  From  the  nitrrovr 
end  of  this  a  V-shajted  piece  is  cut  out,  over  which  the  web  is  to  be 
expanded.  The  frog  should  first  be  curarised,  &&  this  does  not  inter- 
fere with  the  circulation,  provided  that  the  solution  employed  )>e  not 
too  strong.  The  ttoVit  of  a  grain,  in  watery  solution,  injected  under 
the  skin  is  sufficient  Chloral  may  be  8ubatitut«d.  Caton  (No.  9, 
X.  p.  236)  recommends  a  solution  of  4  grs.  to  the  drachm.  As  many 
minims  shoidd  be  injected  subcutancously  as  the  frog  is  drachms  in 
weight  The  injection  ia  made  under  the  skin  of  the  back  with  a 
moriihia  syringe.  The  animal  is  laid  on  the  piece  of  metal  or  wckxI, 
and  the  web  being  stretched  over  the  cleft  at  the  end,  the  torn  are , 
held  by  tjring  a  piece  of  thin  thread  to  them  and  (udng  the  ends  into 
ft  fine  alit  cut  in  the  metal  or  wood.  Wliat  will  actually  h^ipeal 
depends  a  good  deal  on  the  irritant  used. 

Thai  Sariotti  (Na   13,  L  p.  592)  divides  irritants  into  two  cLumw  tccoidiag 
to  their  effect.    To  ihefirit  elam  belong  the  greatfr  number.     When  one  or  theai  ia  i 
applied,  teidening  of  th*  arttriei,  a^HUaria,  and  miu,  with  siinultaneoaa  acc«Itn>^ 
tion  or  the  current,  followed  by  coiitniction  of  the  arteries,  and  ilowing  of  the  cir- 
culation take  place.     With  thin  contra(rtion  may  be  associated  (a)  ailBmia  of  the 
eaptUaries  ;  {b)  formation  of  a  jieriiiheral  zone  in  the  small  and  large  veins,  aeUMl'i 
ia  the  arteries  ;  and  (n)  itaai*  in  tiie  capilUriea  and  small  veins,  leldom  ia  the  Utft^ 
and  never  in  the  artorifa.     The  leoatid  elam  compriaea  chiefly  ammonia  and  ita  aaha. 
Thsjr  are  distiagoiahed  from  the  former  by  the  fact  that  they  have  scstmIj  bsw  s) 


CHAP.  XIV 


VASCULAR  PHENOMENA 


215 


plied  before  tbey  are  followed  hj  a  eontraeiioH  of  the  arteries  which  he  calls  "  primary," 
with  a  slowing  of  the  corraot,  appearances  which  last  from  a  few  seconds  to  one  or 
two  minutes.  The  subsequent  changes  are  as  in  the  first  class.  The  vessels  become 
widened,  and  in  course  of  time  again  undergo  coutraction.  He  calls  this  contraction 
"secondary." 

1 69.  Frog^s  Mesentery. — ^The  animal,  which  should  be  a  male, 
is  lightly  curarised  as  before.  To  a  plato  of  ordinary  window  glass 
a  hollow  cork  about  half  an  inch  broad  is  cemented  with  Canada 
baUam  or  sealing  wax.  The  frog  ia  laid  on  its  back  on  tho  plate,  and 
a  linear  incision  is  made  in  the  right  side  of  the  abdomen  parallel  with 
the  middle  line.  If  bleeding  occur,  tho  effused  blood  must  be  removed 
with  somo  convenient  absorbent  material.  A  loop  of  intestine  is  now 
iwn  out  with  a  pair  of  photographer's  horn  forceps  and  stretched 
irer  the  cork  where  it  may  be  retained  by  introducing  a  few  small  pins 
"Ihrough  tho  intestine.  As  few  of  these,  however,  should  be  used  as 
possible,  as  they  tend  to  interfere  with  the  circulation. 

Klein  (No.  16,  p.  108)  describes  a  very  convenient  little  apiMinitus 
in  which  the  mesentery  is  simply  laid  over  a  glass  projection  provided 
with  a  trough  or  groove  at  the  margin  in  which  the  intestine  is 
contained,  without  the  us«  of  pins. 

It  is  essential  to  keep  the  mesentery  moist,  and  this  is  best 
accomplished  by  remo\nng  the  whole  apparatus  to  a  damp  chamber 
while  it  is  not  under  obsen'ation.  As  a  nile,  it  is  unnecessary  to 
irritate  it — the  exposure  to  the  atmo*pher«  being  sufficient  to  induce 
&mmation.  If,  however,  a  more  powerful  stimulus  be  desired, 
bring  on  the  infiummatory  phenomena  more  rapidly,  a  small 
of  cotton  soaked  in  canthnrides  may  bo  introduced  into  the 
abdomen  previous  to  withdrawing  the  intestine. 

ICO.  The  Frog's  Tongue. — The  animal  should  again  be  curar- 
ised and  placed  on  a  gla«.s  plate  with  a  cork  fixed  on  to  it  as  before. 
The  aperture,  however,  should  be  more  or  loss  horse  shoe  shaped 
(Klein)  instead  of  circular,  the  convexity  of  the  horse-shoe  being  to- 
wards the  edge  of  the  pbte.  The  tongue  is  drawn  out  by  two  threads 
attached  to  the  cornua,  which,  when  the  organ  is  fully  extended,  can 
be  secured  to  pins.  Care  must  be  taken  not  to  drag  on  the  threads 
ton  much,  otherwise  tho  circulation  may  cease.  Either  tho  upper  or 
lower  Burfaco  may  be  examined,  the  position  of  the  animal  being 
altered  .iccordingly.  The  surface  should  be  moistened  with  serum 
from  time  to  time,  as  it  is  liable  to  get  dry.  An  artificial  serum  can 
be  made  with  wat«r  100,  common  salt  1,  and  albumin  10  [larts 
(Caton). 

When  the  circulation  ia  thoroughly  established,  the  tongue  should 
be  touched  with  some  irritant  (nitrate  of  silver)  at  one  particular  spot, 
and  the  jihenomena  noticed  from  hour  to  hour. 

161.  The  Frog's  Lung. — A  frog  having  been  narcotised,  is  laid 

its  back  and  an  incision  is  made  from  the  axilla  downwards  for 
>ut  1  inch.     Care  must  be  taken  not  to  injure  the  lung  in  doing  so. 
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W}ien  the  tissues  immediately  overlying  the  lung  are  reached  and 
punctured,  a  hernial  protrusion  of  the  lung  follows.  The  opening  is 
now  enlarged  with  a  probe  pointed  knife,  and  the  whole  lung  spring* 
out  through  the  thoracic  wall  (Caton).  This  is  not  so  convenient  for 
studying  rntlammation  as  other  transparent  membranes. 

162.  The  Frog's  Bladder.— Prudden  (No.  59,  January  31, 
1885),  recommends  this  aa  specially  convenient  for  studying 
diapedesis.  The  vi.scus  is  exposed  by  a  lateral  incision  above  th« 
ingtiinal  fold.  The  bladder  is  filled  jxnr  anum  with  j  per  cent  salt 
solution  by  means  of  a  bent  glass  cannula.     The  exodus  of  the  cof^ 
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f«k  TS,— Catom*!  AiTAiuTai  roK  BTTDruaa  na  TAoroLB'*  T*ii. 

puscles  can  thus  be  studied  from  hour  to  hour.     The  surface  can  of 
course  be  readily  acted  upon  by  irritAnts. 

163.  The  Tadpole's  Tail. — A  tadpole  should  be  selected  which 
is  losing  its  colour.  From  the  fact  that  all  the  tissues  are  so  beauti- 
fully seen  as  well  as  the  circulation  of  the  blood  going  on  in  the  reaseLv 
it  has  long  been  a  favourite  situation  for  studying  inflammatory  and 
reparative  processes. 

Tadpole  Trough. — Caton  {loe.  eit.)  describes  an  excellent  tadpole  troo^b  for 
aiding  in  the  examination  of  the  taiL^  "On  a  rectangular  pieco  of  gi>tta-]i«n?ha 
AR  (Fig.  73),  2  incbea  by  9,  is  bailt  up  a  sinall  trongh.CD  (eovur  E  is  remowd  ia 
the  drawing  to  abow  the  interior).  A  piece  of  gbua  CF,  coinciding  with  an  a{i«rtnrt 
in  the  gutta-percha,  lie*  alongside  the  trough,  and  that  aide  of  the  trough  u  cut 
down  in  its  central  part  to  the  lerel  of  the  glass,  as  shoTm  at  H.  Adjacent  to  th« 
opening  thus  made  a  aemicircalar  cage  of  pin  wire  ia  wen  inside  the  trough.  A  loop 
of  silk  thread  IK  passes  through  the  plate  by  two  small  holes  sren  to  right  and  left 
of  H.  A  strvam  of  water  being  caused  to  ent«r  by  the  rubber  tnbo  L,  and  its  amount 
regulat«d  by  the  oock  K,  the  trough  is  placed  on  the  stage  of  the  niicroacups  and 

'  Dr.  CatoD  has  kindly  furnished  ths  suthor  with  tbe  following  two  niaatrat)o««  of  his 
tpparatns  somewhat  modified  from  th*  original,  and  alto  with  the  aG«om|iaoyiug 
dsacriptiOBs, 
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the  instnimcnt  tilted  at  an  angle  of  about  4S°.  The  troa^h  will  keep  almost  full  of 
water,  and  none  will  escape,  excepting  by  the  pipe  M.  A  liealthy  tadpole  is  deposited 
from  a  teaspoon  upon  the  plate  CF.  Its  head  at  once  (lasses  through  the  opening  H 
and  under  the  loop  of  thread  into  the  wire  cage  in  t)ie  trough.  The  silk  thread  ia 
gently  drawn  down  at  K.  The  tail  will  rest  on  the  glass  plate  in  the  position  shown 
by  the  dotted  line.  A  cover-glass  \a  Uid  upon  it,  and  it  ia  now  ready  for  observa- 
tion.    It  ia  dMirable  to  use  only  a  small  atream  of  water." 

164.  The  Fish  Tail. — The  circula-tion  in  the  fish  tail,  on  account 
of  the  deh'cacy  of  the  tissues,  is  peihap.s  cujrable  of  more  minute  exam- 
ination than  that  of  any  other  part.  Caton'a  apparatus  (see  Fig.  74) 
is  the  best  adapted  for  the  puq)08e  of  studying  it. 


\ 


*? 


Flu.  7i.— Caton'i  ArrxBATva  roa  SruDrna  th>  Fiaa  Taiu 


"  It  ia  aimilar  in  principle  and  in  construction  to  the  foregoing,  excepting  that  the 
ttoogb  la  Urger  and  ia  placed  obliquely,  aa  shown  in  the  woodcut.  A  loop  of  thread 
bolda  down  the  tail  aa  before,  bat  in  addition,  two  amall  piecea  of  fine  watch  spring 
rMting  on  the  highest  and  lowest  phalangea  of  the  tail  fin,  hold  it  in  the  extended 
poaition.     A  small  piece  of  cover-glaaa,  triangular  in  shape,  or  a  thin  film  of  talc  ia 

Ion  the  tail." 

II. — TFarm-llooded  Animaia. 

16&.  Mesentery  and  Omentum. — In  order  to  examine  these 
membranes  in  a  warm-blooded  animal,  means  must  be  adopted  for  keep- 
ing the  membrane  moist  and  at  a  constant  temperature.  From  the 
fact  of  the  omentum  being  so  delicate  in  the  guinea-pig,  as  well  as 
from  its  anatomical  relationship  to  the  stomach,  it  is  generally  to  be 
pref«rrod  to  that  of  other  animals.  The  omentum  of  the  dog  is  oIbo 
a  very  UfAUtiful  object.  For  the  examination  of  the  omentum  of  the 
former  animal,  Strieker  and  Sanderson  (So.  9,  i.  p.  3G2)  recom- 
mended some  years  ago  an  apparatus  by  which  the  temperature  could 
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be  kept  pretty  constant  by  an  ingenious  mechanical  arrangement. 
Since  then,  however,  the  adoption  of  the  mercurial  thermostat  (SecU 
77)  has  proved  more  convenient. 

Thoma  (No.   IS,  Ixxiv.    p.    360)  dcarribts  •  more  complicated  arruignsent, 
which,  however,  his  the   advautage  of  being  perfectly  automatic   aa  regard*  iht  i 
renewal  of  tho  indifferent  salt  aolntion  and  the  conataucy  of  the  temperatarc 

Eberth  and  Schimmelbusch  (No.  13,  ciii.  p.  57)  adopt  a  much 
simpler  and  more  effectual  plan  than  either  of  these.  They  employ  • 
large  vat  with  a  glass  bottom  filled  with  salt  solution,  into  which  the 
entire  animal  is  introduced.  This  is  fitted  on  to  the  stage  of  the 
microscope,  and  the  light  is  derived  from  the  left  side.  In  order  to 
prevent  soiling  the  liquid,  the  animal  is  wrapt  in  a  sheet  of  gutta- 
percha tissue  long  enough  to  overlap  the  head,  and  made  so  as  to 
enclose  a  funnel-like  space  through  which  it  may  breathe.  Tho  incisico 
in  the  side  for  the  purpose  of  drawing  out  the  omentum  or  mesentery  ^ 
is  made  through  the  gutta  perch  a.  The  salt  solution  is  kept  at  an 
equable  temperature  by  a  thermostat,  and  is  constantly  renewed.  A» 
Thoma  previously  recommended,  the  object-glass  of  the  microscope  is 
sunk  in  the  salt  solution,  tho  membrane  meanwhile  having  simply  been  ^ 
laid  over  a  slide  without  any  fastenings.  Hartn.'ick's  dry  lenses  (Noa. 
iv.,  v.,  and  vii.)  do  perfectly  woU  and  give  excellent  results.  For 
high  power  they  use  Hartnack's  No.  x.  The  vat  just  referred  to  is  so ' 
made  as  to  fit  on  to  the  stand  of  an  ordinary  microscope,  so  that  the 
light  can  readily  be  adjusted. 

Cheap  vats,  «uch  as  the  aboro  described,  can  readily  bo  made  of  thin  metal  of 
difleront  dimensioni  for  animals  of  rarioas  sizes.  They  sliuuld  he  wide  in  front 
where  the  animal  lies,  but  of  tho  breadth  of  the  stage  of  the  niicroseope  where  the 
membrane  i*  to  b«  stretched  out  Two  tube«,  one  to  convey  the  salt  aolntioB  iniA 
the  vat  and  another  to  conduct  it  away,  arc  attached  at  opposite  sides.  These  witk 
a  very  little  ingenuity  can  be  conum-tod  with  a  vessel  whose  tempermturs  u  kei>t 
constant  by  mean*  of  •  thermostat  and  Bansen  burner. 

They  recommend  a  mixture  of  chloral  and  morphia  for  narcotising 
the  animal.  Curari  should  not  be  employed  for  warm-blooded  animai% 
as  it  reacts  upon  the  circulation.  For  a  full-sized  guinea-pig,  three 
gnins  of  clilurol  injected  subcutaneousiy  are  getierally  sufficient  if 
chloral  alone  is  used.  If  combined  with  morphia  the  duec  should 
be  loaa  The  object  is  to  keep  the  animal  thoroughly  narcotised,  auii 
it  should  be  regiiUted  accordingly. 


16G. 


Influence  of  the  Nervoob  Stbtem. 
Seeing    that   tlie   vaso  -  constrictor  and   vaso  -  dilator    n« 


cocert  such  an  important  influence  in  health  on  the  regulation  of  tlM^ 
•mount  of  nourishment  supplied  to  tho  tissues,  it  comes  to  be  an  im* 
portant  question,  in  how  far  tho  vascular  phenomena  of  inflamnuitioa 
are  subservient  to  them. 
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The  frog's  hind  limb  has  been  the  chosen  seat  of  experiment 
in  most  olwervations  on  this  subject.  Here  the  question,  however, 
arises,  as  to  whether  the  sciatic  nerve  contains  all  the  branches  going 
to  the  web,  or  whether  there  are  any  other  channels  by  which  a  stimu- 
lation of  the  cord,  for  example,  may  influence  the  vessels  when  the 
sciatic  is  divided. 

Sanderson  (No.  52,  v.)  holds  the  view  that  there  are.  He  says 
that  "  the  vascular  nerves  which  supply  the  web  Jind  tJmr  way  by  various 
channels  to  the.  arteries  to  which  they  are  distributed,  so  that  there  is 
no  single  trunk  by  the  division  of  which  these  vessels  are  completely 
paralysed."  He  supposes  that  the  distribution  may  even  vary  in 
different  individuals. 

Lister,  during  his  classical  researches  on  the  parts  of  the  nervous 
system  regulating  the  contractions  of  the  arteries  (No.  65,  1858,  p. 
607),  found  that  an  artery  in  the  limb  of  a  frog  showed  spontaneous 
contractions  nine  days  after  amputation,  and  he  concluded  that  there 
exists  within  the  frog's  limb  t5ome  means,  probably  ganglionic,  by 
virtue  of  which  the  arteries  may  contract  in  concert  with  each  other, 
indei>endently  of  any  ganglia  contained  in  the  trunk. 

Certain  stimuli  applied  directly  to  the  web  cause  a  contraction 
both  of  the  arteries  and  veins  of  the  web.  Thus  Paget  (No.  23,  Chap. 
xiii.)  showed  that  if  a  fine  needle  be  dniwn  across  the  web  three  or 
four  times,  without  apparently  injuring  the  membrane,  they  will 
both  gradually  contract  and  close.  After  holding  themselves  in 
lie  contracted  state  for  a  few  minutes ;  they  will  begin  again  to  open, 
slowly  dilating,  will  acquire  a  larger  size  tlian  they  bud  before  the 
"stimulus  was  applied.  When  dilated  they  will  not  again  readily  con- 
tract to  the  same  stimulus,  but  if  a  stronger  stimulus  be  employed 
contraction  will  follow.  Such  a  secondary  contraction,  if  brought 
about  by  a  cautery,  may  last  more  than  a  day. 

Sa>notti  in  his  well-known  paper  (No.  13,  1.  p.  592)  states  that 
when  the  skin  of  the  frog  is  peripherally  stimulated,  as  by  tap- 
ping it  on  the  abdomen  or  by  pinching  it  with  a  needle,  the  ai-teries 
of  the  web  contract.  The  contraction  ceases  after  a  few  seconds,  and 
returns  on  the  stimulus  being  reapplied.  As  a  rule,  he  saw  no  con- 
traction take  place  in  the  veins.  A  slight  stricture  was  occasionally 
noticed  within  them,  but  he  questions  whether  this  was  the  same  as 
the  well-marked  contraction  seen  in  the  arteries. 


It  i*  woU  known  thtt  ilow  rhythmical  contraction,  not  synchronoui  with  the 
baut'*  b««t,  ocean  in  the  arteries  of  tmnapuvnt  parta  rocb  as  the  ear  of  the  rabbit, 
th»  bat'*  wing,  and  frog**  web  (Schiff,  Oolx,  and  Hantegacca).  Wharton  Jonea, 
manoret,  ha*  dncribnl  (No.  (5,  1862)  a  rhythmical  contrition  as  taking  plaoo  in 
tfaoM  Teiwi  of  the  bal'e  wing  which  have  ralvna  SeTeral  questions  of  importance 
•r*  rataed  by  tho«<  facte — ( 1 )  whether  the  above  contractioDs  are  of  a  tmly  rby th  - 
laiaal  character;  (2)  whether  they  are  reflex  phenomena  ;  or  (3)  whether  Utcy  ore 
depmtlent  upon  Die  heart  having  been  inhibited  through  the  pneumogaiitrioa. 
Oalx  (No.   li,  xxri.  p.    1)  auit  Mantegazza   (No.   57,  v.   1860)   long  ago  ihowwl 
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that  stimulation  of  a  sensitive  nerve  causes  weakeniog  of  the  heart  and  diminntiaa^ 
of  the  force  of  the  poise  wares.  It  is  now  alto  well  known,  as  Sanderson  (No.  6%  i 
Article  "  Inflamination  ")  poiuts  out,  tliat  some  of  the  modes  of  irritation  eniploytdl 
by  Sariotti  influence  not  merely  the  raao-motor  nerves,  bnt  also  the  va^s  heart  nervMk^ 
Thus  the  well-known  experiment  of  arresting  the  movements  of  the  heart  in  a  stat«  j 
of  diastole  by  tapping  on  the  belly  of  a  frog  acts  in  the  same  way  aa  direct  stimol** ' 
tion  of  the  vagus  itself. 

Saviotti,  however,  cuts  the  sciatic,  and  finds  that  no  more  contraction  follow^ 
and  hence  concludes  that  the  contractions  most  be  reflex  in  their  nature.    He  affinna  i 
that  a  stimnhint  applied  to  any  part  of  the  body  calls  forth  a  reflex  contraction  cf  j 
the  artenea,  and  that  this  is  independent  of  the  contraction  of  the  heart 

Division  of  Sciatic. — Considerable  difference  of  opinion  prevails  i 
in  regard  to  the  effect  of  this  on  the  blood-vessels  of  the  frog's  web,  as 
well  H8  to  what  follows  on  subsequent  stimulation  of  the  divided  ends. 

Lister  (loc,  eil.,  p.  809)  found  that,  on  tying  a  ligature  ronnd  the  sciatic  nerra  of 
a  frog,  distinct  contraction  of  the  arteries  occurred  within  the  first  few  secoDds,  which, 
within  the  next  two  minutes,  had  given  way  to  a  dilatation.     In  half  an  hoar  after- 
wards the  artery  under  oheervation  had  again  contracted  to  about  ita  nsual  propoi^ 
tiona,  and  a  few  niiuutes  Inter  the  constriction  of  the  artery  was  very  conBid»nbl#  I 
and  oontianed  aflvr  section  of  the  nerve  above  the  ligature.    The  arteriaa  of  tJi*l 
Ptber  foot  were  similarly  contracted.    It  was  evident  that  the  arteries  had  exp«ri«nc«d  I 
no  permanent  dilatation  from  the  division  of  the  sciatic  nerve— a  result,  he  aaya,  qaita 
at  variance  with  the  experience  of  previous  observers. 

Sariotti  {loe.  eit.)  found  that  in  the  majority  of  caiteH  the  simple  division  of  thsJ 
nerve  caused  first  a  widening  of  the  arteries,  and  afterwards  of  the  other  rw tla.  < 
This  dilatation,  however,  wa«  more  evident  in  weakly  than  in  vigorous  frogn.  With 
the  dilatation  a  simultaneous  acceleration  of  the  enrrent  followed.  Stimulation  of 
the  divided  end  of  the  distal  portion  by  pinching  it,  he  statea,  canici  ao  much  con- 
traction of  the  arteries  of  the  web  that  a  slowing  and  ultimately  a  ceasatiou  of  th« 
cltcnlation  within  them  follows.  Sanderson  (loc.  cit.),  however,  does  not  And  that 
this  take*  place  with  the  constancy  which  Saviotti  vouches  for  ;  and  thinks  that  th« 
distribution  of  the  vascular  filaments  of  nerves  may  diflcr  in  dUTerent  individuala. 

When  the  central  end  of  the  divided  nerve,  however,  is  stimulated,  very  definit« 
Twolts  ensne,  as  Riegel  (No.  46,  1871)  hss  shown,  A  distinct  acoeleratioD  of  thm 
eorrent  is  one  of  the  chief  phenomena,  and  this,  Riegel  affirms,  is  aiMeiatad  vitli  • 
slight  contraction  of  the  voasels.  Although  the  acceleration  of  the  stream  in  inflam*  { 
mation  is  associated  with  dilatation  of  the  veaaels,  yet  Sanderson  holds  to  the  Hsv 
tiiat  there  may  b«  certain  state*  of  the  arteries  in  which  an  accelerated  flow  uf  bloo4 
may  be  asaodated  with  persistent  reflex  arterial  contraction. 

When  the  nerve  is  not  divided,  but  b  simply  raised  from  ita  sheath,  Sariotti 
{loe.  eil.,  p.  611)  snerts  that  irritation  of  it  by  pinching  causes  a  sadden  (vaaatioa 
of  the  circulation  in  the  web,  which  passes  off  as  the  preasare  is  removed.  He  ooal4 
aometinias  cause  this  phenomenon  to  recnr  a  aeoond  and  third  tima  in  the  aama 


The  question,  however,  for  us  At  present  to  consider  is  in  how 
far  such  nervous  influence  is  necessary  to  induce  the  inflamnuitory 
phenomena.  Cobnheim  (No.  31,1  p.  228),  after  passing  in  rwicw 
Saviotti 'j>  experiments,  expressly  emphasises  the  opinion  that  "  the«« 
phenomena  have  nothing  to  do  with  inflamination."     He  refers  to  the 
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fact  that  inflammatioDs  are  specially  prone  to  occur  in  parts  deprived 
of  their  nerve  supply,  such  as  the  cornea  after  division  of  the  fifth 
nent,  and  in  cases  of  ordinary  paraplecfia.  The  occurrence  of  herpes 
msler  along  the  course  of  the  intercostal  nerves  is  often  quoted  as  an 
instance  of  an  inflammation  induced  by  and  localised  to  the  area  of 
distribution  of  a  definite  set  of  nerv'es.  As  Cohnheim,  however, 
remarks,  it  would  require  further  experimental  proof  to  demonstrate 
that  the  nerve  trunks  are  so  actively  concerned  in  the  production  of 
this  peculiar  disease. 

The  two  experiments  that  are  usually  quoted  as  bearing  upon  the 
question  are  those  of  division  of  the  fifth  nerve  and  that  of  the  jtneuino- 
gastric  or  rfcurrent  laryngeal. 

When  the  fifth  nerve  is  divided  in  a  rabbit,  the  eyeball  becomes 
very  liable  to  inflammatory  destruction  (Magendie,  1824).  Snellen 
(No.  80)  accounts  for  this  by  the  loss  of  sensibility  allowing  foreign 
matters  to  impinge  upon  the  cornea  without  inconvenience  to  the 
animal  and  thus  irritating  it.  FriedlSnder  (No.  13,  Ixviii.  p.  325) 
showed  that  divi^sion  of  the  recurrent  luryngt'uls  or  pneumogastrics  in 
a  rabbit  induces  in  a  short  time  a  form  of  pneumonia.  The  explanation 
of  this,  however,  seems  to  be  that  the  piralysia  of  the  larynx  result- 
ing from  the  ojieration  allows  particles  of  food  to  be  inspired,  and  that 
it  is  these  which  excite  the  irdlammation.  Ditision  of  the  st/mpathetic  in 
the  neck  brings  about  increased  vascularity,  but  not  inflammation. 

It  seems  more  likely  that  most  of  the  vascular  phenomena  in 
inflammatiuM  are  owing  more  to  purely  physical  cjiusea  connected 
with  the  circulation  of  the  solid  bodies  suspended  in  the  blood  than  to 
actual  nerve  action.  One  of  the  chief  influences  which  the  vjuso-motor 
nerves  evidently  exert  upon  the  vessels  in  health  is  in  preventing  the 
undoc  fluxes  which  otherwise  are  constantly  liable  to  take  place  in 
])artB  where  ner^'c  control  has  been  lost. 

W>;*tnT«r  mAy  b«  the  influence  of  the  nervea  upon  the  production  of  iuflam- 
lUAtioD,  J«nkowiki's  experimenta  (No.  13,  xciii  p.  259)  seem  to  prove  ttiat  the 
■Ihruion  of  the  acUtic  in  the  dog  has  the  eflect,  probably  by  paralysing  the  vaso- 
motor nerves  and  incT«asinK  the  distensibUity  of  the  veaael  walla,  of  csusiDg  an 
inenMod  flow  of  lymph  from  an  artificially  inflamed  put.  He  inflamed  the  paws 
i  extrcmitiea  in  the  dog,  and  after  the  inllammation  had  lasted  for  some  time, 
Ivid^l  the  sciatic  nerve  ia  one  limb.  On  placing  cannulte  in  the  maui  lymph 
I  rotoming  front  the  liinbs,  he  found  that  the  quantity  was  much  greater  on 
tlM  dd*  on  which  th«  nerve  had  been  divided  than  on  the  other,  and  also  that  the 
OBdoin*  of  the  puts  was  greater  on  this  side  than  on  the  opposite. 

■II  Injlumce  of  yervotu  Sytian  in  Infianmaiian,, — Ajres  (Sympathetic) : 
Af  I.,  XI.  1883,  p.  1B».     Disaelhorat:  Fortsehr.  d.  Bled.,  v.  1887,  p.  289. 

Duj^-...  ..  i'hic  Keratitin)  :  Rev.  Oin.  d'Ucul.,  v.  1885,  p.  181.  Hallopeau  and 
NenmjUUI :  <.'x>nipt.  rem!.  Soc.  <1.  Biol.,  ▼.  1880,  p.  309.  Jones  (C.  H.)  :  M«d.  Press 
and  Cirr..  ill  1867.  |i.  169.  Lizars  :  £<iio.  Med.  and  Sun;.  Joum.,  xv.  1819,  p.  396. 
Shnffcr  (G'DrT»l  Irritation)  :  Ann.  Anat.  and  Surg.,  Brooklyn,  iv.  1881,  p.  45.  Snellen  : 
Ar«h.  t.  d.  liolUnd.  Beitr.  z.  N«t  a.  Heilk.,  L  1858,  p.  206.  Travers :  C^^nstitutioual 
iRttatlon.  rtr.  1836.  Weber :  Centralb).  f.  d.  med.  Wisaenicb.,  ii.  1664,  p.  145.  Wood : 
~      ,  Mtd.  Jonm.,  1856,  U.  p.  686. 
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Vascular  Phenomena  of  Inflammation. 


A.  Cold-blooded  Animals. 

167.  Mesentery  of  Frog. — When  withdrawn  for  examination, 
the  first  thing  noticed  is  a  widening  of  the  vessels.'  The  applica- 
tion  of  a  severe  stimulant  to  a  part  usually  induces  momentary  con- 
traction of  the  vessels  (Lister).  It  has  been  asserted  that  such  momentary 
contraction  follows  the  simple  withdrawal  of  the  loop  of  intestine  from 
the  abdomen,  but  by  the  time  that  the  mesentery  has  been  adjust 
for  observation  this  has  vanished.  The  dilatation  takes  place  primaril/1 
in  the  arteries,  afterwards  in  the  veins  and  capillaries,  and  it  usuallj 
requires  from  fifteen  to  twenty  minutes  up  to  two  hours  before  it 
complete.  So  great  can  it  become  that  the  vessels  may  in  time  pr 
twice  their  normal  calibre. 

With  the  dilatation  of  the  vessels  an  increased  rapidity  in  the 
circulation  of  the  blood  through  them  follows,^  most  evident 
in  the  arteries,  but  also  present  in  the  veins  and  cai>il!arios.  Sooner 
(ir  later,  however,  the  accelerated  blood  stream  begins  to 
diminish,  again  becomes  normal,  and  finally,  slower  than  usuaL 
In  the  exposed  tongue  of  the  frog,  irritated  by  application  of  nitrate  of 
silver,  there  is  often  no  stage  of  acceleration,  but  the  vessels  immedi- 
ately dilate  and  the  current  rapidly  diminishes  within  them. 

On  account  of  this  dilatation,  the  number  of  capillaries  is  apparentlyj 
increased.     As  W.  Jones  originally  pointed  out,  many  of  them  have 
become  evident  which  previously  were  invisible,  and  consequently  the 
part  has  a  redder  colour. 

The  corpuscles  of  both  kinds  next  begin  to  accumulate  in  the 
capillarieR  in  great  number,  and  a  greater  separation  of  the 
colourless  from  the  coloured  takes  place  in  the  small  veins. 
The  former  also  have  a  greater  inclination  to  lag  behind.  Moro 
colourless  corpuscles  are  consequently  seen  in  the  peripheral  part  of 
the  stream  than  before,  and  these  often  become  arranged  in  littl«J 
heaps  or  massea.  This  peripheral  zone  of  leucocytes  is  noticed  bot 
in  the  veins  and  smallest  arteries,  but  primarily,  and  to  a  far 
extent,  in  the  veina 

As  previously  demonstrated,  the  increased  tendency  to  se[ 
of  the  leucocytes  from  the  coloured  blood  corpuscles  is  to  be  aocoont 
for  by  the  gradual  slowing  of  the  stream  (see  Sect.  156,  experii 
No.  18).  A  far  more  beautiful  experiment  can,  however,  be  matlo  for 
the  purpose  of  demonstrating  this  by  means  of  the  apparatus  deline- 
ated in  Fig.  75. 

'  Wliy  tha  rwaeU  tbonld  thoa  sponUneoiuly  dflato  bmt  iMT«r  been 
•spialaed.     The  Boibor  bdicvea  that  it  toAj  be  csnnd  bjr  the  raoKml  of  tbe 
nwiurt  tfforded  by  the  wtlln  and  eooteats  of  the  abdomen,     C«aralt  Dimh 
"lUtWltUu  Power  of  the  Abclomon"  (No.  197,  Part  v.,  ]>.  406) ;  and  Joka  BiB 
IM^  ^  tt7. )    Sea  alao  Sect.  194  tt  tq.,  in  nlatioo  to  this  subject. 

*  ^li«  b  oiaally  rappo«e<l  to  be  dapeudeot  upon  the  dUatatioa.      SohMT  (N<x  71) 
ud  Sudenon  (Na  ii)  affinu  that  diUtation  hai  exactly  the  oppoaite  •ffaet. 
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It  eoiuists  of  a  series  of  contiiinoaa  cnrved  glass  tnlMs  (_a,a,a),  supported  on 
uprights  as  before,  through  which  water  may  be  circulated.  As  there  is  consider- 
able difficulty  in  driving  the  air  out  of  the  tubes,  the  upper  curves  are  provided  with 
itop-oocks  {b,b,b,b),  by  which  Iho  air  contained  in  the  tube  can  be  released.  Each 
bend  in  the  tube  is  attached  to  its  neighbour  by  a  nmtal  coupling  {e,e,e),  which 
renders  the  danger  of  fracture  less.  To  the  supply  pipe  at  the  entrance  to  the  series 
of  curves,  a  long  tube  (rf)  is  welded  or  united  by  a  metal  coupling  for  the  pnr- 
pow  of  introducing  the  bodies  to  be  circulated.  The  «ud  of  the  exit  tube  {t)  is 
placed  in  a  vasael  filled  with  water  to  prevcut  any  regurgitation  of  air  that  might 
happen  when  the  drcolation  is  stopy^d.  The  -whole  apparatus  stands  in  a  metal 
trough  provided  with  an  escape  pipe  (/),  and  into  this  trongh  the  overSow  runs. 

A  number  of  very  initmotive  ezperimenta  can  be  made  with  this  apparatos. 
One  which  is  specially  related  to  the  separation  of  the  lencocytes,  and  their  tendency 
to  lag  behind  as  the  current  diminishes  in  rapidity,  is  the  following : — LpOt  the 
atrsun  circulating  through  the  sysUm  of  curved  tubes  be  very  weak.     Introduce 


Or 
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Vm.  Til — ArTABATni  loa  Iu.i»T>ATiva  the  AocuHDUinoit  or  LauoocTTxa  n  the  Va 
«rrrs  a  Blow  CuxacBT. 


through  the  upright  tube  a  small  sphere  of  spermaceti  and  a  disc  of  wax  and  ver- 
milion, so  made  a*  to  be  of  the  samo  specific  gravity  as  the  water.  Roth,  of  course,^ 
rMdily  paw  up  the  ascending  limb  of  the  first  curve,  but  whenever  the  bend  of  the 
tnbe  is  reached  it  will  be  fonud  that  while  the  disc  glides  with  the  greatest  facility 
round  it,  the  sphere  catches  in  the  bend  and  refuses  to  rireulate.  This  occurs  quita 
imapectire  of  their  shape,  and  it  due,  as  boforo  explained,  to  the  difference  in  their 
•pediie  gravity  (Sect.  151). 

if  the  stream  be  now  increased  in  velocity  it  will  be  found  that  the  sphere  is 
swept  along,  certainly  not  with  so  great  facility  oa  the  disc,  but  still  with  such  eaaa 
that  it  readdy  circumvents  all  the  curves  in  the  tnbe. 

This  experiment  is  a  complete  verification  of  what  occurs  in  inflamed  parts.  It 
ia  at  the  bends  in  the  blood-veaoela  that  the  leucocytes  chiefly  catch.  In  the  arteries, 
of  eonne,  there  is  leaa  tendency  to  leparation  than  in  the  veins,  becau-se  the  stream  is 
nor*  powerful. 

The  veiiu  sow  aaBume  an  apiKarance  as  if  the  internal  surface  of 
their  wall  were  plastered  over  with  leucocytes  (Cohnheim),  and  in  the 

I  Two  iphnai  of  small  and  equal  siae  answer  the  purpooe  as  well. 
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capillaries  a  similar  adhesion  of  the  leucocytes  to  the  wall  is  noticed. 
They,  however,  alternate,  and  are  abundantly  mixed  with  the 
coloured  in  the  latter  situation. 

As  tills  pcriphei'al  sheath  of  colourless  corpusolis  forms,  further 
changes  may  be  observed  in  it.  Those  COrpusclcs  which  are 
nearest  the  wall  become  flatly  applied  to  it,  and  soon  out- 
side the  wall  there  are  noticed  little  rounded  buds  or 
projections  consisting  of  pseudopodial  processes  of  the 
leucocytes  within.  Each  little  bud-like  Inxiy  increases  in  sixe,  whila 
the  ma.%s  of  the  corpuscle  within  the  vessel  diminishe.s,  and  ultimately 
the  whole  of  the  corpuscle  manages  to  escape  through  the 
vessel  wall  (see  Fig.  77).  Nunil)cr8  of  otlier  corpuscles  make  their 
exodus  in  the  same  manner,  so  that,  in  course  of  time,  a  dense  nuuB  of  ^ 
eecaped  leucocytes  accumulates  round  the  vessel. 

So   improbable  doea  this  aicape  of  leococTte*  tkroagh   the  wall  of  tha  t«m 
appe«r  to  many  miDils,  that  even  so  acute  an  obaerrcr  as  Mr.  Wharton  Jonea,  whoaa  { 
Work   on   th«  rital  phrnoniena  of  Inflammation   (No.  03,  rii.  1861)  will  alv«)n 
reoiain  a  monument  of  accurate  observation,  so  latoly  as  the  year  1884  (No.  £9, 
October  U),  denied  that  he  had  ever  been  persuaded  of  its  actual  occnn«nc»  ;  aa 
expUined  the  appearance  of  the  vessel  coat«d  outside  with  leucocyte*  hj  traeng  i 
it  to  proliferation  of  the  endothelial  nuclei  of  the  wall. 

This  process  of  diapedesis  is,  to  a  certain  extent,  a  natiu«I  <Mi«|] 
seeing  that  it  occurs  normally  in  the  tail  of  the  tad|iole  and  elsewhere  j 
(Caton,  No.  5,   1871)  during  health.      Strieker,  moreover,  has  shown 
that  the  coiorured  corpuscles  exude  in  the  same  way  in  frogs  under  the 
influence  of  curari.     The  inflamed  condition  is  merely  an  exaggeration 
of  the  natural. 

The  dia]icdc8i8  is  noticed  in  the  veins  after  the  peripheral  sone  of  i 
leucocytes  has  formed,  but  in  the  capillaries  it  goes  on  all  along  from 
shortly  after  the  time  of  exjiosure.  It  commences  in  the  veins  as  the 
current  begins  to  slacken  puce ;  is  moat  abundant  when  it  becomes 
very  slow  ;  and  ceases  with  complete  stagnation  (Cohnheim).  It  is  not 
evident  in  the  arteries  until  the  inflammation  has  lasteid  for  masif 
hours,  and  even  then  it  is  comparatively  exceptional  to  see  it. 

In  the  course  of  twenty-four  to  thirty-six  hours  it  will  also  be  found 
that  the  coloured  corpuscles  are  extravasated  in  large  num- 
ber, either  from  actual  rents  in  the  blood-vessels,  or  fmm  their  having 
csaiped  between  the  endothelial  plates  in  the  same  manner  ns  the 
leucocytes. 

As  the  dia|>edesi8  is  going  on,  the  circulation,  as  stated,  is  beeooUBg 
slower.  A  to  and  fro  oscillation  of  the  current  is  now  noticed 
in  some  of  the  larger  arteries,  as  if  they  M-ero  making  a  rigorous  effort 
to  drive  the  blood  onwards.  Finally,  however,  oven  this  nmrion  of 
the  blood-column  ceases,  and  complete  Stasis  or  stagnation  is 
attained.  The  stasis  is  tuually  seen  first  in  those  capillarien  which 
arc  in  the  least  direct  course  from  an  artery  to  a  vein — that  is  to  say. 
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it  occurs  first  in  those  vessels  in  which  the  vis  e  tergo  is  weakest 
(W.  Jones). 

The  blood  in  the  stagnated  vessels,  as  Paget  (No.  23,  Chap,  xiii.) 
observes,  has  little  t-cndency  to  coagulate,  hence  the  possibility  of 
re-establishing  the  circulation  when  the  acute  symptoms  have  subsided, 

By  this  time  the  lymph  spaces  round  about  the  small  veins  and 
capilLu-ies  are  loaded  with  blood  corpuscles  of  both  kinds,  chiefly  the 
colourless;  and  now  a  great  many  of  these  seem  to  make  their  way  on 
to  the  upper  surface  of  the  mesentery,  where  along  with  fibrin  precipi- 
tated from  the  exuded  liquid  they  may  constitute  a  false  membrane. 

168.  Tongue  of  the  Frog. — When  the  tongue  of  the  frog  is 
touched  with  nitrate  of  silver,  the  following,  according  to  Cohnheim 
(No.  60),  are  the  phenomena  which  progressively  ensue  in  and  around 
the  eschar  which  it  produces. 

TLe  almost  inoraeutary  effet't  is  to  cause  sliglit  muscular  twitching*  of  the  tongnc, 
followed  by  mpiil  dilatation,  primarily  in  the  arleriufl  ruiiiiing  to  the  cauterised  spot, 
rabwqncntly  in  tho  vciua  returning  from  it.  An  extrenio  hy]x<rxmia  of  th«  capillary 
TMwls  in  and  near  the  irritated  port  is  next  noticeil,  which  may  extend  for  a  con- 
sideruVile  distance  into  neighbouring  parts.  'VN'ith  the  dilatation,  us  in  other  iiitlamed 
tissues,  the  blood  flows  at  first  with  groat  rapidity.  Soon,  however,  matters  change, 
iu  that  the  rapidity  of  the  circnlation  within  tliu  T««8els  u  seen  to  be  falling  off, 
and  mainly  in  those  Teasels  which  raiiiify  through  the  cauterised  spot  TLe  artery 
in  rain  endeavonra  to  drive  the  blood  onvvanla,  and  finally,  complete  stagnation 
within  tho  cauterised  area  is  attained.  Both  in  the  case  of  tho  nrteries  and  in  that 
of  the  veins,  this  stagnation  prevails  up  to  tho  first  collateral  brantli  met  with  out- 
side the  {mint  of  irritation.  In  the  parts  around,  the  circulation  ia  still  proceeding 
with  unusual  activity,  although  in  some  of  the  capillaries  iu  the  itnniediatc  neigh- 
bourhood stwis  Lm  also  occurred. 

All  tkete  pktiumena  are  induced,  <if  eourtt,  fotehanically  by  the  action  of  the 
cAUstic.  There  now  succeed  others  which  are  of  a  different  nature,  nnd  which  may 
b«  denoted  inflammatory.  In  an  hour  or  two  after  the  cauterisation  these  diViled 
arttriet  which  arc  at  the  greatest  distance  from  the  point  of  application  show  sipu 
^ eoiUraetiny,  and  this  is  followed  by  a  diminithtd  rapidity  in  the  flow  of  blood  in 
the  veins  in  communication  with  them.  Those  arteries  which  are  nearer  the  point 
of  irritatiou  shortly  afterwards  become  similarly  contracted,  and  the  stream  within 
their  veins  consequently  diminished  in  velocity,  until  there  arrives  a  time  in  which 
the  rapidity  of  the  flow  of  blood  within  tho  surrounding  parts  becomes  normal. 
Sometimes  in  those  Inrgo  arteries  and  veins  going  directly  to  and  from  the  eschar 
the  dilatation  remains  permanently,  but  even  In  these,  a  gradual  slowing  of  the 
current  becomes  perceptible. 

While  the  larger  vessels  ha  ve  thus  been  contractiDg,  not  leas  striking  phenomena  ore 
noticeable  in  the  capillaries.  Those  which  are  farthest  away  from  the  est^har  have  l)een 
gndually  getting  quit  of  their  excessive  blood  under  the  influence  of  tho  contraction 
of  the  arteries,  and  now  again  present  the  yellow  appearance  of  their  natural  state. 
In  those,  however,  which  are  nearer  the  central  point  of  the  iutlanied  arua  the  stasia  ro- 
nuiiia  as  before  ;  and  tho  corpuscles  within  them  undergo  a  peculiar  transformation  by 
which  they  appear  to  become  fused  into  a  homogeaeous  bhiish-red  colloid-liko  mass.' 

'  llli*  appearance  is  generally  sujjpoRed  to  be  due  to  diffusion  of  the  hiemoglobin  of 
I  cotptudea,  Eberth  and  Scbimmelbuscb,  however  (No.  13,  ciii.  1886),  regard  it  a« 
I  eflKt  of  prassnre. 
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Around  thU  region  of  perfect  ituis  ii  ono  of  brosder  or  narrawer  dimensioni,  in 
'which,  although  tb«  stasis  may  not  be  complete,  yet  the  circulation  within  th* 
capillaries  ia  certainly  very  slow  ;  but  beyoud  this,  in  other  parts  of  the  tongne,  th« 
circulation  ia  perfectly  normal.  As  regards  the  time  at  which  theao  appearaaoea 
occur,  it  varies  so  much  in  different  nnimals  that  it  is  impo«aiblc  to  limit  it  at  all 
■trietly.  As  a  rule,  however,  it  may  be  said  that  this  ia  the  condition  of  p«rta  in 
fivm  fix  to  tigkl  Aown  after  the  applieatioti  of  Iht  trrU^tni. 

During  the /olUrwing  six  to  eight  hours,  cttangcs  of  great  imirart  are  to  be  noticed. 
In  the  immediate  vicinity  of  the  eschar  whicli  has  now  become  black,  soma  «(  Um 
arteriea  and  veina,  esftecially  the  fomiur,  still  present  evidence  of  conaidorabU 
dilatation  ;  but  the  dilatation  ia  limited  to  the  ncighlraurhood  of  th«  caeh*r. 
Within  the  dilated  parts  the  circulation  ia  extremely  sluggish.  There  now  enraeai 
proceaa  of  the  greatest  importance,  namely,  extravasation  of  the  blood 
Along  the  inm-r  surface  of  the  wall  of  the  small  veins  colourless  cor]iu>clea  hav*  baea 
noticed  to  be  accumulating  aa  the  circulation  diminished  in  velocity  ;  and  these, 
almost  to  the  exclusion  of  the  coloured  corpnacles,  are  found  to  pasa  throngh  it, 
while  in  the  case  of  the  capillariea  both  kiiuU  (^corpiuch  art  $een  to  e*eaft,  Thia 
prooew  of  diapedeaii  tnm  having  been  local  at  first  now  become*  general  tbnngb- 
out  the  area  of  iuflammation,  but  ia  not  notic«d  within  the  tone  of  congcat**!  ea|il> 
larioa  immediately  around  the  eschar.  These  remain  [icrfectly  free  from  any  •vid 
of  corpuscular  extravasation.  Both  veina  and  capillariea  become  ensheathed  In 
deep  layer  of  them. 

During  the  next  two  days  the  diapedesis  goea  on  increaaing,  and  occaaionally  a 
coloured  corpuscle  managea  to  escape  from  a  small  vein  at  thia  period,  although  (Ac 
leueoeytei  pat*  out  in  far  greater  nuntbtrg. 

In  the  vicinity  of  the  eschar  the  blood  corpuscles  tend  to  accumulate,  and  a* 
time  goes  on,  it  is  evident  tliat  tlio  coloured  corpuscles  are  being  inrrraningly 
estravaaatod.  These,  frum  thoir  colour,  are  more  evident  than  the  colouring.  Lot 
the  latter  can  bo  seen  lying  among  them  in  the  infiltrated  zone.  Towards  the 
periphery  the  colourwl  corpuscles  become  len  nmnorous,  so  that  the  colourless  enU 
number  them.  Tht  Ijfvyjk  tpata  (/  the  tonfue,  especially  the  lymph  sinus  situated 
posteriorly,  also  contain  piany  leucoq/tes,  and  the  lymph  aacs  arc  often  t«n*a  from 
having  absorbed  oxceaa  of  fluid  transuded  from  the  distended  vessels  around  tbs 
e»ch.-ir. 

Things  thus  remain  in  tiatu  pu>  tat  several  daj-s,  but  ultimately  the  i 
transudation  of  fluid  and  extravasation  of  blood  coqius<-Ics  ctoaea,  and  Moss  i 
COTjmteU-i  lehi'yJi  hid  aecumulaled  round  the  etehar  are  removed.     The  ooiotmd 
pttsdes  in  this  locality  remain,  liowever,  consideiably  longer.    It  ia  nmallj  a  i 
of  WMufc*  befort  Ms  tichar  Ueomai  dttaehtd. 


R    Wanii-Bloodtd  Animah. 

169.  The  phenomena  here  do  not  differ  materially  from  tbo«e  ol>- 
SATTed  in  the  frog,  except  as  regards  the  presence  and  diapositic 
of  the  htematoblusta  or  bloo<l  plate&  In  the  mesent«ry  of  the  do 
or  guinea-pig  there  are  the  same  axial  and  peripheral  currents  sm  in 
co1d-bloo<led  animal.  According  to  Eberth  and  Schimmelbusch  (No. 
13,  ciiL  1886),  the  blood  pbtes  in  the  normal  stream  run  in  the 
itxis  alonj;  with  the  coloured  blood  corpuscles,  and  hence  they  hold 
that  they  must  b«  of  very  much  the  same  sjiecific  gravity.  A  few  of 
the  colourless  also  flow  in  the  axial  current,  but  the  largest  number 


Tw.  n,—Votnta  or  OHtanvu  or  Tonro  Doa  KznniHKirTAi.LT  rmjuus  *>o  Scau^tinxLT 

aT«irn>iriT>  Bii.vn(xM>  DiAin.) 

M  Bnril  «•!•  miTaq»4«l  lij  Mtrarawtad  leoeosjrtat ;  (>}  Urgtr  vrin  In  laine  emulltlnn ;  (c,  e)  tha 

taMtat  of  tha  niambniia  wboM  w«II«  an  onrvnd  by  (proutlng  crila. 

the  leucocytes  are  picked  out  from  the  mass  of  circulating  corpusclex, 
sod  tend  to  become  arrested  at  the  periphery ;  and  as  it  gets  still 
slower,  the  blood  plates  also  leave  tho  central  stream  and  acounu- 
Ut«  in  the  peripheral  zone  (see  Fig.  65,   C).      Finally,  the  whole 
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HISTORY  OF  THE  DISCOVERY  OF  DIAPEDESIS. 

t  in  generally  «nppo»cd  that  Waller  (No.  61,  xxix.  1846,  pp.  271,  298, 
n  hia  obaerrationii  on  llio  tongue  of  tho  frog,  was  the  first  to  recognue  tins 
remarlublo  phenomenon.  He  not  only  described  the  {wissago  of  the  vorpuscles 
tbroogh  the  wa.U  and  gave  accnnite  drawings,  but  in  op]>oajtion  (o  the  blastema 
theory  of  formation  of  pua  and  other  cells  then  in  fashion,  bo  clearly  indic&ted  that 
the  piu  corpuscles  found  in  inflamed  partii  were  identical  with  the  colourless  cor- 
puacles  of  the  blood.  It  had  been  previously  surmised  by  CL-rtain  observers  that 
the  eer}>iucles  of  the  blood  gave  rise  to  those  found  in  mucus  and  pus,  and  that 
they  eecaped  by  a  proc«ia  of  extravasation  or  filtration.  Waller,  however,  by  his 
experiments  upon  the  frog's  tongue  clearly  deoaonstratcHl  tho  fact,  and  held  that  he 
had  disoovercd  the  porous  character  of  the  rasael  wall  so  long  8up]>osed  by  physio- 
logists to  exist 

Horwath  (No.  40,  scix.  1884,  No.  26)  hiu  drawn  atlchtion  to  tho  fact  that 
the  phenomena  of  diapedesis  most  have  been  familiar  to  Dutrochet  many  years  before 
Waller  had  ao  graphically  descrilied  them.     Dutrochet's  obscrvstiana  are  contained 

his  RcthtreSet  Anatomiques  tt  Phyiiolvgiqur-g,  and  tho  observations  which  he 
won  made  in  the  year  1824  on  the  tail  of  the  tadpole  of  the  toad.  Ho 
"•tetea  that  he  saw  certain  coqiuscles  leave  tho  vesseLi  and  move  slowly  into  the 
surrounding  transjnrent  tissues,  from  whose  granules  they  were  no  longer  to  l>e  dis- 
tinguished. He  supposed  that  the  cells  of  the  tissues,  were  nothing  more  than  these 
cells  which  had  become  fixed,  and  that  they  explained  the  r6U  played  by  the  blood 
in  nutrition.  He  was  not  clear  about  the  manner  in  which  thoy  escaped.  Perhaps 
there  were  small  openings  in  the  wall  of  tho  vessel,  or  it  might  be  small  channels  in 
oommonicatiou  with  the  vessel  in  which  they  were  coiiliuud. 

In  his  essay  on  InJlamt/iatUm  (No.  62),  published  in  the  year  1843,  and  sub- 
sequently in  his  work  on  C(msumption  and  Scrofula,  published  in  1849,  AddLion 
clearly  pointed  out  the  relationship  of  the  colonrless  corpuscles  of  the  blood  and  the 
piu  cori>uscl0a  lying  round  tho  vessels  in  inflamed  parts.  The  following  passage* 
are  taken  from  tlir  latter  work: — "During  inflammation — using  the  word  in  the 
gnwnl  sense  here  indicated — there  is  more  or  leas  marked  increase  of  the  colourleas 
•iMnsnta  and  protoplasma  in  the  parts  affected.  At  first — in  the  first  stage — these 
•iMMBto  adbert  but  slightly  along  the  inner  margin  or  boundary  of  tho  untrient 
TCntb,  aad  ue  therefore  still  within  the  intlurnce  of  tho  circulating  current ;  be- 
longing,  as  it  were,  at  this  period  as  much  or  rather  more  to  tho  blood  than  to  the 
fixed  «oUd.  Secondly — in  the  second  stage — they  are  more  firmly  fixed  in  the  walls 
of  the  veHela,  and,  therefore,  now  without  tho  influence  of  the  circulating  current. 
TUnily — in  the  third  stage — new  elements  appear  at  the  oater  border  of  tho 
I— ill,  where  they  add  to  the  texture,  form  a  new  product,  or  are  liberated  as  an 
esowtieQ.   * 

Cobnheim  (No.  13,  xl.),  unaware  of  the  publications  of  Waller  and  Addison 
in  the  year  1867,  again  described  all  the  phenomena  in  terms  almost  identical  with 
the  former.  U  was  tho  appearance  of  this  paper  which  in  reality  drew  attention  to 
the  oocamnce  of  diapedesis,  and  since  its  publication  the  facts  recorded  iu  regard  to 
IIm  HOtpa  of  blood  corpuscles  through  the  vessel  wall  have  been  almost  universally 
MMptoiL 


*  SmmartaanD  (No.  67,  1862)  is  generally  regurled  as  being  the  first  in  Oermany  to 
ha'**  slatfil  that  the  exudation  in  ioflaramstion  is  composed  of  colourless  blood  corpusclex. 
B*  — ppo»»d  that  they  came  (rom  torn  capillariaa. 
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MANNER  IN  WHICH  THE  CORPUSCLES  ESCAPE. 

171.  Ab  just  stated,  the  idea  of  the  wulls  of  the  vessels  being  porous 
dates  M  far  back  as  the  time  of  Dutrochet.  It  was  of  late  revived  by 
Arnold  (No.  13,  Ixii.),  based  upon  the  fact  that  when  small  veins 
and  capillaries  are  injected  with  nitrate  of  silver,  little  black  points 
are  seen  iu  their  walls,  which  he  supiM>sed  were  small  apertures  or 
Btigm&ta.  When  a  coloured  injection  of  gelatine  is  driven  into  such 
silver-stained  vessels  the  injection  mass  seems  to  escape  at  these  points. 
That  they  are  actual  apertiu'es,  however,  in  the  wall  has  been  denied 
by  Cohnheim,  Lassar,  and  others  who  have  studied  the  subject,  and  of 
late  Arnold  himself  has  retracted  the  opinion  that  they  are  such. 
They  seem  to  be  simply  portions  of  the  cement  between  the  endo- 
thelial cella 

Norrls,  in  a.  communication  mode  to  the  Royal  Society,  endeavoared  to  pror*  b)r 
a  number  of  vrell-knowu  facts  in  regard  to  the  paaaagc  of  solid  bodiea  through  MS^ 
bells,  that  the  wall  of  a  capillary  resembled  physically  a  thin  film  of  solution  of 
■oap,  and  that  the  corpuscles  migrated  through  it  without  rapture.  One  can  hardly 
believe  that  this  is  so,  otherwise  how  would  the  capillaries  be  sufficiently  Strang  to 
withstand  the  blood  pressure  within  them,  which  is  considerable  t  A  mora  prohabla 
view  is  simply  that  the  attachment  of  the  endothelial  plates  becomes  loowned  ia 
parti.  This  allows  of  a  certain  amount  of  separation,  and  the  corpoacle  gradnallj 
makes  its  way  outwards  through  the  resulting  clefts.  Cohnheim  (Ko.  81,  i. 
p.  236),  in  fact,  looks  upon  inflammation  as  simply  the  ezprcaaion  and  result  of  a 
molecular  alteration  of  the  vessel  wall,  allowing,  as  it  does,  an  incieaaed  tranatulation 
uf  liquid  and  the  pussge  of  blood  corpuscles. 

The  Colourless  tend  to  emigrate  more  than  the  Coloured. 
— In  the  early  stages  of  inilammation,  more  especially  where  tt  is 
induced  gradually,  the  colourless  cwrjni^les  certainly  exude  in  graalor 
abundancu  than  the  cnkmrtd.  The  cause  simply  seems  to  be  that  tbcj 
uocunndate  in  the  peripheral  zone  of  the  vessels  as  the  current  slaclno^ 
and  that  they  are  applied  at  first  hand  over  the  openings  between  the 
endothelial  plates.  It  has  been  shown,  however,  in  the  description  of  the 
phenomena  in  vascular  parts  (Sect.  167  ft  seq.),  that  in  the  later  stages 
of  the  process  the  coloured  also  emigrate  in  large  numbers.  When 
the  inflammation  comes  on  suddtnly,  as  in  certain  forms  of  pneomoiiia, 
the  coloured  are  extruded  at  first  in  as  great,  or  in  greater,  numbcn 
than  the  colourless.  Cohnheim  (No.  31)  has  shown,  when  the  veto 
returning  from  a  frog's  limb  is  suddenly  ligatured,  that  the  Goloorcd 
corpuscles  exude  in  far  greater  abundance  than  the  colourless.  In 
these  cases  it  is  evidently  the  rnddrnntss  with  which  the  venoos 
obstruction  is  brought  about  that  is  the  cau.se  uf  their  extru- 
sion. Time  has  not  been  aflbnled  for  the  peripheral  layer  of 
leucocytes  to  form,  and  hence  the  whole  of  the  solid  blood  contents 
are  extruded. 
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CAUSE  OF  THE  STAGNATION. 

172.  Several  different  views  have  been  held  from  time  to  time 
regarding  this,  and,  as  yet,  it  is  hard  to  say  whether  the  matter  has 
been  thoroughly  ex]>lained.  It  is  (juestionable  whether  it  be  the  same 
in  all  cosea  That  it  seems  to  bo  independent  of  the  genera!  circida- 
tion  is  borne  out  by  the  experiment  originally  devised  by  H.  Weber 
in  1862  (No.  6t,  p.  361),  and  repeated  by  Lister  (No.  63,  1868), 
namely,  that  if  a  ligature  is  tied  round  the  thigh  of  a  frug  so  as  to 
obstruct  the  circulation,  and  the  web  Ijo  irritated  with  ammonia,  the 
blood  corpuscles  crowd  into  the  capillaries  of  the  irritated  spot  until 
they  are  distended  and  engorged  with  them. 

Li«ter  {loc.  cit.),  from  experiments  on  this  subject,  arrived  at  the 
conclusion  tliat  the  toall  of  the  inflamed  vessel  acts  as  a  foreign  hotly  in 
caudiuf  the  eorputdes  to  run  together  and  to  adhere.  In  the  natural 
Teasel  they  have  no  tendency  to  do  so.  Other  observations  on  this 
nutter  have  been  made  by  Ryneck  (No.  66,  1870)  and  Cohnheim 
(No.  31),  all  of  them  more  or  less  unsatisfactory. 

A  more  probable  explanation  was  given  by  Wharton  Jones,  namely, 
that  the  abstraction  of  the  liquid  part  of  the  blood  as  it  transudes  from 
the  distended  vessels  leaees  the  blood  corpitsclfs  in  a  relatively  loo  dry 
condition  to  circulate.  He  has  shown  that  when  a  strong  solution  of 
common  salt  is  applied  to  the  exposed  web,  stagnation  occurs  very 
rapidly,  the  explanation  evidently  being  the  abnormal  osmotic  condi- 
tions sot  up  in  the  jtart.  The  corpuscles  in  the  capillaries  are  left  in 
a  comparatively  dry  condition,  and  consequently  they  progress  at 
first  slowly  and  with  difficulty,  while  ultimately  their  progress  is  com- 
pletely arrested.  The  corpuscles  also  tend  to  adhere,  and  this  no 
doubt  aids  in  completing  the  stasis.  It  may  be  mentioned,  however, 
that  Lister  (loc.  rt/.)  strongly  opposes  this  view,  and  brings  certain 
striking  argumenU  tA  bear  against  it 

^When  the  mesentery  is  under  observation  stasis  can  be  averted  for 
long  time  by  keeping  it  in  a  nund  atnwsjihere,  but  the  slightest 
drying  of  the  membnine  at  once  brings  it  about.     Lender  other  circuni- 
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cUnces  the  stretching  and  attenuation  of  the  capillar}-  wall  no  doubt 
fftvour  tnuisudation  or  liquid,  so  that  in  time  the  friction  between  the 
w«ll  and  tho  blood -stream  becomes  so  great  that  the  column  of 
oorpoaelaa  rofnaea  to  progress. 

Thima't  experimenU  (No.    13,  Ixxir.   p.   860,   1878),   prerioualjr  refemd    to 
•Mm  to  boar  thu  idem  out.     He  iin<1s  that  by  imnienring  •  roil  nf  intestine  anil 
BaMnt«i7  of  a  wami-blood»d  animal  in  different  •trcngtb*  of  salt  *olnt)on,  th« 
alinoat  imtnmliate  etToct  ia,  in  moat  caMM,  to  hasten  the  speed  of  tlio  circuUting. 
blocMi,  foIluwiKl  7017  toon  afterward*  by  slowing  and  stagnation. 

It  it  |KM«il)l«,  however,  that  another  cauM  is  at  work  which  may  aid  in 
inu  tho  circulation  in  inflamed  parts,  naiuply,  the  pretsttre  qf  tht  ^und 
u|ion  the  blood-vessoli.  Thus  Glux  nnd  Klemeusirwicz  (Na  12,  Ixxxiv.  III.  Ab. 
Jnhrg.  1081,  H.  1-6,  1882)  have  shown  that  if  liquids  of  different  kindB(blood,  luiUc, 
blood-asram,  giini,  or  tiolt  Holntious)  be  continuously  injectc<l  through  the  blood-j 
VeaMbi  from  the  heart,  tlic  liquid  runs  freely  enough  at  first,  but  there  comes  a  1 
when  it  t-iwota  t<>  tluw  frolti  tlie  Venous  side.  The  tissnea,  when  this  occnrs,  ba««1 
beconin  loadntl  with  liquid,  antl  they  hold  that  it  is  this  which,  by  compressing  tha 
oaplUariaa,  ocourfons  the  obstruction.  Tho  cause  of  this  excessive  tranaodatiMi 
thij  bellew  to  be  Uie  want  of  vitality  in  the  veasel  wall. 


EXUDATION  OF  LIQUID. 

17S.  An    incrrim'd   tninsiulntiou   of   liquid   into  the  tissues  U  »' 
fMturo  of  all  inllamiiiatiniis,  whether  they  occur  in  a  vascular  or  in  % 
Qoa<TUCu1ar  (Mrt,     The  bleb  which  follows  the  infliction  of  a  burn 
on  lh«  akin,  uid  the  tense  feeling  of  a  {mrt  acutely  inflamtMl.  as  ia , 
CrytipdAS,  we  in  great  |K>rt,  ati  t!\|ires8ion  of  this.     The  liquid  always^ 
oonl*ina  Um  «l«ment«  for  thu  fonuaiion  of  fibrin,  and  hence  differs  from 
mers  dropucal  liquid,  in  which  frequeuUy  one  of  these,  the  ferment,  ii  \ 
fthsont.     It  is  always  }H>ureti  out  under  high  prossutv  (Quincke),  and  < 
hMKM  ia  a  true  filtnu«.     It  consequently  contains  much  alhumin,  miMbj 
■orvUukii  naUtnd  Ijniph. 

\0mt  (N«.  13,  Ixix.  p.  S1<)  focunl.  for  iBataB««,  that  wk«a  a  do^a  |«w  was 
■rttteiaUy  i»la»ail.  tU  lymph  wkkli  tan  o«t  of  th*  lyvphatki  oT  tka  1Mb 
alwajn  nsalalarf  aora  aeUda  (ekiaSy  albawiimna)  than  that  of  ^bm  oonaal  limfak 
tW  atlMl  ^ttaati^  af  t|apk  ia  aha  fnalar  eailW  iaiaaBtil  tkaa  «■  Iba  aeood  ridaw 

Kill. 

Draper  UkI  ln(Ummatfc>ft— />  mmmnf  mmgU  mitwm  m  4n 
«l  »  MvHy  4m  At  mmmmi  ff  iifl  iiii  m  Urn  fciiis*ii  tfmi  Ikat  pm 
md  m  i^iMMiiM  (B—iliiiaX  and  nfil^y  it  koUa  eqMQjr  I 

Wa  k«Mi  aiywd  UmI  il  mamat  Iat*  tamfti  riHf 

M-  utilheiil  mnrnm  im  Ik*  THwl  waU.     Thar*  an  oth«  latun, 

howvw,  vkidi  Mrr*  «•  latliwici  tlua  vmJL     Ik  is  Man  tktt  jtA- 
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the  wall  and  by  small  ruptures  of  the  connective  cement  between  the 
endothelial  plates.  Wo  know  that  haemorrhages  take  place  in  most 
influnimations,  such  a«  crouiJoiia  pneumonia ;  and  if  so,  there  is  no 
reason  why  pure  blood  plasma  should  not  also  escape  from  similar 
ruptures  in  the  walk  Arnold  asserts  that  he  has  seen  it  causing  a 
current  in  the  surrounding  jjarts  by  streaming  out  of  openings  in  the 
vmll  of  the  vessel. 


TEE  EXTRUDING  FORGE. 

174-  We  have  seen  that  one  of  the  chief  and  most  important 
phenomena  of  inflammation  is  the  extrusion  of  the  corpuscular  and 
liquid  parta  of  the  blood  through  the  walk  of  the  blood-vessels.  What 
is  it  that  causes  these  to  leave  the  vessel  ?  In  other  words,  JVhat  is  tlu 
atruding  force  f 

^^Tchow's  Attraction  Theory. — At  the  time  when  the  publication  of  Virehow'n 
worlu  on  ctlliilur  jmtlmlogy  ImJ  ina|iired  all  the  medical  world  with  a  love  of  the 
new  doctrine,  it  was  held  by  Viicbow  himself  and  by  hig  nnnicruus  followcni  that 
the  eatential  cbanj^  iu  inflamed  tissnea  was  located  in  its  fried  elements,  and  that 
tha  participation  of  the  blood-TeawU  was  merely  secondary.  Thus  it  was  said 
(•»«  Viivhow's  numerous  worka  on  this  sabjcct,  e.g.  No.  18,  i.  p.  272,  iv.  p.  201 ; 
No.  68.  L  p.  i6 ;  No.  69,  4  Aufl..  Berlin,  1871,  pp.  364,  468)  that  the  fixed  cells 
of  the  inflamed  pstrt  had  an  attmetion  for  the  (intents  of  the  blood  •  vcaaels,  and 
tendrd  to  draw  oiit  of  the  latter  their  li(\uid  and  solid  constituents. 

The  Amoeboid  Movement  Theory. — When  it  was  discovered  that  leucocytes 
•IcaiMxl  through  the  wall,  nud  that  theito  exhibited  amceboid  mnvcments,  it  was  im- 
nadiately  concluded  that  they  wandered,  by  virtue  of  the  latter,  through  the  oj)en- 
iogR,  artilicial  or  natural,  prasomed  to  exist  in  tlie  Tfloael.  How  it  whs,  however, 
that  Ike  coloured  corpuacloa  aomettmes  managed  to  exude  in  as  great  or  much  greater 
nomben  than  the  colourlesa  was  never  ezjilained. 

von  Becklinghauscn,  a  vigorous  upholder  of  the  amoeboid  movement 
theory,  aee*  no  reason  to  alter  his  former  opinions  (No.  81) ;  Lavdowsky  (No. 
IS,  xcviL  p.  188)  and  Binz  and  his  pupils  (No.  13,  Ixxiii.  p.  289  (Meos) ;  and 
Ixxxix.  p.  889)  arc  still  strongly  in  its  favour.  The  latter  seek  to  justify 
Iheir  opinion  by  the  argument  that  quinine,'  which  i»  said,  although  this  is  dis- 
pat«d  by  some  antfaore,  to  poralyae  the  movements  of  leucocytes,  caus««  diapedesis 
to  HMi.  Pekelharing  (No.  13,  civ.  p.  242,  1886)  has  however  shown  that 
tk*  OMMtion  of  diapedeais  when  iiuinine  is  administered  may  lie  duo  to  quite  a 
different  canae,  namely,  to  a  hardening  of  the  cement  substance  of  the  endothelial 
pUtea,  which  thus  lessens  the  permeability  of  the  vessel  wall.  Mee«  {l«c.  eit.)  has 
shown  that  eucalyptol  acts  in  the  same  way,  and  Pmdden  (No.  82,  1881,  p.  82 ;  and 
1M2,  pw  64)  and  Binz  (No.  13,  Ixxxix.  p.  389)  have  claimed  a  similar  action  for 
Mlieyllc  acid  and  iodoform. 

That  these  substances  act  by  leaseuiug  the  porosity  of  the  wall  seesu  to  b* 
•trmgthened,  according  to  Pekelharing  {loc.  cit.),  by  the  fact  that  their  adminUtni' 
Uon  alao  diminishes  the  amount  of  liquid  exuded,  as  shown  by  the  diminished 
quantity  of  lymph  carried  olT  from  an  iuttamed  part  by  the  lymphatics. 

'  Comolt  Scbarrcnbroich  (No.  83),  Martin  (No.  84),  Zahn  (No.  SB.  1873).  Appert 
(Sow  19,  IxxL  p.  364),  and  Keraer  (No.  4,  vii.  p.  122). 
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The  Blood-Pressure  as  the  Extruding'  Force. — On  reflec- 
tion there  cannot  remain  much  doubt  that  the  cause  of  the  extnudon 
of  both  kinds  of  corpuscle  is  simply  the  blood-pressure.  Liga- 
ture of  the  artery  effectually  puts  a  stop  to  it.  The  column  of 
blood  experiences  difficulty  in  being  propelled  forwards.  The  vai&r^ 
which  ought  to  have  been  expended  in  driving  the  hlood  up  to  the 
right  side  of  the  heart  is  consequently  diverted,  and  act«  deleterioualj 
against  the  side  of  the  vessel.  If  there  be  any  small  pores  or  ruptures 
between  the  endothelial  plates,  the  soft  pliable  corpuscles  will  natur- 
ally tend  to  be  adjusted  ovor  them,  and  a  continuance  of  the  preaton 
will  force  them  farther  and  farther  outwards.  If,  moreover,  a  strMin 
of  liquid  be  issuing  from  these  pores  or  ruptures,  the  corpuacfea  will 
be  attracted  towards  them  and  will  incline  to  be  driven  outwarda 
As  before  mentioned  (Sect.  171),  the  explanation  of  the  loucocytea  beiiig 
at  first  more  abundantly  extruded  than  the  coloured  corpusclw  is 
probably  to  be  found  in  the  fact  that,  as  the  former  accumulate  in  the 
peripheral  zone  of  the  vessel  during  the  slackening  in  the  velocity  of 
the  current,  they  are  first  applied  to  the  apertures.* 

As  Bering  (No.  1  '2,  IriL )  has  put  it,  the  whole  pheumaum  it  cmt 
of  true  JUtratum.  Cohnheim  (No.  31,  i.  p.  238)  latterly  expressed 
himself  very  strongly  on  this  point  "  No  pressure,  no  diapedeaia^" 
he  irroto.  It  is  not  necessary  that  the  pressure  within  the  veasel 
be  raised.  Indeed  there  is  good  cause  to  believe  that  it  may  be^ 
diminished. 

Experiment — An  experiment  for  c1«m  demonBtration,  which  showa  bow  an 
obatnictioii  to  tlic  flow  of  liquid  through  a  tube  may  cause  bodia*  mipaiMlad  in  that 
liquid  to  leave  it  and  to  paa»  through  ita  walla,  may  be  mada  in  th«  foUowiaf 
manner : — 

Let  a  tube  exactly  similar  to  that  ihown  in  Fig.  67  have  the  lowrr  half  et  ita 
dtcamfercnco  for  a  diatance  of  aomethiog  like  ten  to  twelve  inchea  cot  away  at  a 
point  about  one  foot  from  the  end.  What  remain*  of  the  circumference  of  tha  I 
uuglit  to  be  strengthened  with  a  brass  coupling.  The  whole  of  the  part  of  tha  Ml 
from  which  half  of  thv  circiunference  has  been  removed  is  Borronndad  with  atoot 
waterproof  tissue,  such  as  the  pink  jaconet  used  in  antiseptic  surgery.  Th*  lowv 
|>art  of  this  is  then  pierced  in  many  places  with  a  coane  needle. 

A  mixture  of  mncilage  and  gelatine,  so  thiu  that  it  will  just  solidify,  and  aliniltly 
coloured  witli  carmine,  is  poured  over  a  sheet  of  gUaa  and  allowed  to  oooL  It  b 
then  cut  into  pieces  of  about  half  an  inch  in  diameter.  Thasa  piMea  of  ooloond 
gelatine  are  now  introduced  in  large  numbers  into  the  tube  through  tb*  upri|^ 
stem,  and  are  allowed  to  paas  along  with  a  slow  stream  of  water,  the  end  of  the  tabe 
being  slightly  elevated.  So  long  as  the  tube  ia  open  at  its  distal  extremity,  that  is 
to  say.  so  long  as  there  is  no  obstruction,  the  pieces  of  gelatine  haro  little  if  any 
tendency  to  pass  through  the  needle  apertures  in  the  membtune,  but  wht-nrver  the 
exit  is  obstructed,  as  by  placing  a  cork  in  it,  the  membrane  becomea  distaudad, 
liquid  pours  copiously  ^m  tlie  apertarea,  and  the  pieoea  of  gelatine  being  i 
to  the  apertures  by  the  stream  of  liquid  iMuing  from  them,  are  in  the  eonraa  of  t ' 
few  minutes  all  extruded.     A  little  bud-like  process  first  forms  outside,  junt  as  in 

'  This  view,  taken  up  by  P«k«lhanng  and  others,  was  originally  enunciated  and  ex- 
perimentally demonstrated  by  the  author  (/Voc  Jltyal  Soc  XUinJbvrfK  Seseiou  1881'M)> 
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the  pMsage  of  a  leucocyte.  This  gradually  gets  larger,  and  finAlly  the  whole  mass 
of  gelatine  make*  ita  way  outATarJs.  A  mitable  glaaa  vewel  gbould  bo  placed  below 
to  catch  tha  water  and  gelatine  masses  as  they  issue. 

The  aothor  is  wull  awaru  thut  in  many  respects  such  a  schematic  apparatus  does 
not  represent  the  conditions  present  in  a  blood-vessel,  mdnifcstly  in  the  fact  that 
there  is  no  provision  for  ditTusitig  the  pressure  through  collateral  channels  ;  but  it 
werrm  to  show  in  a  graphic  manner  how,  if  the  wall  of  th&  vessel  be  porous  from  any 
CAOM.  and  if  a  atream  of  liquid  be  issuing  from  these  pores,  the  corpuscles  will  tend 
first  to  be  attracted  to  them,  and  ultimately  to  be  driven  through. 

Literature  on  Diapedait  of  Foreign  Bodies  introduced  into  the  Circulation, — AlD- 
stein  :  Arch.  f.  path.  Anat,  LxL  1374,  p.  494.  Hoffmann  ajid  Langerhans  :  Arrh.  I'. 
path.  Anat.,  xlviii.  1869,  p.  304.  Hoffmann  and  v.  Reckling^hausen :  Cintrnlbl.  r. 
d.  med.  Wlnaensch.,  ixxi.  1887.  Ponfick :  Arch.  f.  piuti.  Auat.,  ilriii.  1869,  p.  1. 
Siebei  :  Arch.  f.  path.  Auat.,  civ.  1886,  p.  514.  Slavjanakj :  Arch.  f.  path.  Anat., 
xlviiL  186»,  p.  326. 

Multiple  Embolism  a  Cause  of  Inflammation. — As  a  matter 
of  f;ict,  we  kuow  thut  all  the  pheuomena  aiid  r&sulta  of  inflammation 
may  be  produced,  in  the  pulmonary  veasols  at  least,  simply  by  a  wide- 
spread obstruction  of  their  terminal  branches.  Thus  it  ia  almost  in- 
variable to  find  some  amount  of  croupous  exudation  within  the  air- 
vesiclca  in  fat  embolism  where  the  erabola  arc  numerous.  The  lung 
will  sometimes  Ih;  found  to  Ikj  completely  solidified.  Now  the  cause, 
here,  of  the  croupous  exudation  must  undoubtedly  be  the  obstruction 
to  the  onward  flow  of  blood  diffusely  spread  over  both  lungs  by  the 
multiple  embola.  The  embola  are  bland  and  unirritating  when 
derived  from  the  medulla  of  a  bone  in  a  case  of  simple  fracture, 
and  hence  there  could  not  possibly  be  a  lietter  method  of  testing  the 
effect,  iu  the  pulmonary  system  of  vossela  ut  leitst,  of  a  wide-spread 
ibstruction.* 


CrOITPOUS  ExinJATIONS  AND  FALSE  MEMBRANES. 


r 

P  175.    ^Vhen  the  more  or  less  plasmatic  inflammatory  liquid  hiis 

l>een  poured  out  upon  a  free  surface  it  rapidly  coagulates,  and  the 
fibrin  with  the  entitnj^led  blood  corpuscles  constitutes  what  is  called  a 
false  membrane.  The  fibrin  is  arranged  iu  dense  laminated  tra- 
becuUe,  in  the  meshes  of  which  is  a  finer  network  of  the  same,  with 
the  extravasated  blood  corpuscles  and  any  other  cells  which  may  have 
been  thrown  off  from  the  surface  (see  Figs,  78  and  79). 

In  some  situations,  e.f/.  in  the  raucous  membnino  of  the  larynx 
or  bronchi,  the  epithelium,  uninjured,  may  frequently  be  seen  under- 
KHng  the  false  membrane.  Weigert  (No.  13,  bcx.  p.  4G1)  states 
Uiat,  unless  the  epithelial  surface  of  a  mucous  membrane  be  broken, 
the  inHamniatory  exudation  from  it  will  not  cfjagulate.  This  may  bo 
true  in  a  limited  sense,  namely,  that  at  some  part  the  epithelium  may 
have  been  broken  through,  but  it  is  not  necessarily  broken  where  the 
fjtlie  membrane  ia  deposited.     The  liquid  poured  out  may  subsequently 

'  Tlu  rttlationahjp  at  imasive  coogtntion  to  diapedeai*  Is  discuuei]  under  Dropsy. 
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find  its  way  over  surfaces  which  are  atiU  covered  by  epithelium.  Even 
on  surfaces  like  the  pleura,  the  delicate  endothelium  may  still  some- 
times be  seen  to  be  pi08cr\'ed. 

The  liquid  of  an  inflamed  part,  when  infiltrated  into  the  tisBuea, 
may  coagulate,  or  it  may  not.  In  the  pleuro-pneumonia  of  oxen 
it  will  be  found  that  the  interlobular  tissue  is  filled  with  precipitated 
fibrin  which  has  infiltrated  into  it,  In  many  cases  of  acute  pneumonia 
in  Man,  while  the  air  vesicles  are  plugged  with  fibrin,  the  interstitial 
tissue  may  remain  quite  free. 
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P>>>.  T'  RuuiT  (XSOO  Dum.) 

(a,  ■)  Network  of  flMn  :  (O)  m  <cyU  ;  (c)  Umlns  at  flbrtn  lying  «tjie«at  to  Ik* 

plciimCO;  (ii>iiii*U  roond-caUa  effuieil  UiU  tita  plaon;  MdUtendad  Uood-Tftli  of  inixTAetel 
lajrw  of  plMn  (Pler»-euiiilM)L 


The  number  of  leucocytes  entangled  in  false  membranes  rariei. 
In  some  of  the  densest  of  them  there  is  hardly  u  leucocyte  to  tie 
found.  Many  of  the  leucocytes,  it  is  said  (Schmidt),  peridh  in  the  act 
of  coagiUation. 

The  exudation  ia  poured  out  in  a  liquid  form,  and  tends  to 
gnivitato  to  the  lowest  part  of  a  hollow  organ  like  the  lung.     HeoM^ 
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probably,  the  greater  frequency  of  consolidation  at  the  base  of  the  lung 
in  croupous  pneniuonia  tliaii  at  the  apex. 

The  false  membrane  is  sometimes  called  a  croupous  exudation, 
simply  from  the  fact  of  its  occurring  so  typically  in  acute  ciroupoua 
laryngitis.  Such  false  membranes  are  usually  very  elastic,  but 
fragile ;  they  can  often  be  stripped  off  from  a  jart  which  they 
cover,  such  as  the  pleura,  leaving  the  natural  glossy  smoothness  of 
the  surface. 

Their  Separation. — All  false  membranes  effused  on  mucOUS 
surfaces  tend  in  course  of  time  to  separate.  The  cause  of  this 
evidently  is  that  they  become  imdermined  by  the  natuiul  secretion  of 
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Fn.  n,—Xcvn  Onoorooa  fimmomk.    Aia>Vmcui  nixBt  wrm  PtBmaiou*  hruru 
(xXOO  Duiu.) 

(D  Small  Htay ;  (t)  l«ne<>cyt« ;  (c)  cplUielUl  cell ;  (if)  flMnov  aMwoifc  i 
(«)  wU  at  ■Ir-TMlelc  (HjBii»tox7)«M)> 


the  mucous  gliinds.  When,  however,  the  exudation  is  situated  on  a 
serous  membrane,  and  especially  where  it  is  intermediate  between 
two  serous  surfaces,  it  causes  tliese  to  adhere  temporarily  simply  by 
it*  [ihuiticity,  and  in  course  of  time  a  permanent  6brou8  union  is 
brought  alwut  (see  Sect  205).  At  other  times,  however,  the  fibrinous 
network  gives  way  and  breaks  down,  and  the  effused  leucocytes  become 
fatty  olid  uI«o  (litiintegrate.  If  this  occur  in  a  serous  cavity  it  is  almost 
eerUin  to  be  followed  by  chronic  suppuration  of  the  wall  of  the 
aritj  ;  if  in  a  cellular  tissue,  there  is  a  liability  to  its  ending  in 
abwen ;  or  lastly,  the  ddbris  may  be  absorbed. 


CHAPTER    XV 

INFLAMMATION— {Con<ini<«0 
Ohangis  in  th£  Fules  Tissues.     A.  Vascular  Parts 


THE  MESENTERY  AND  OMENTUM. 

176.  Structure. — These  membranes  may  be  held  to  be  composed  of 
the  following  parts.  The  basis  of  each  consists  of  bundles  of  white 
fibrous  tissue  with  a  few  elastic  fibres,  interwoven  in  .such  a  manner  as 
to  produce  a  more  or  less  fenestrated  membrane.  Lying  ui>on  these 
bundles  of  fibrous  tissue,  just  as  on  all  white  fibrous  tissues,  are  con- 
nective tissue  nuclei,  corpuscles,  or  whatever  else  we  may  choose  to 
call  them.  These  corpuscles  here,  and  elsewhere,  belong  to  the  bundles 
of  fibres,  and  apparently,  when  they  are  separated  from  them,  the 
bundles  suffer  in  nutrition  and  are  extremely  liable  to  die. 

Along  with  these  bundles  of  fibres  are  intimately  bound  uj),  firstly, 
arteries  and  veins,  secondly,  lymphatic  vessels  and  lyniph-canalicular 
spaces.  The  Ij^mphatic  vessels  are  composed  of  a  thin  endothcliid 
wall,  and  the  lymph -cjinalicular  spaces  contain  an  albuminous  fluid 
which,  when  stained  with  gold,  looks  like  a  branched  cell.  It  is 
questionable  whether  branched  cells  are  to  be  found  in  this  membrane 
at  alL  Finally,  each  side  of  the  membrane  is  covered  by  a  single 
layer  of  endothelium,  in  which  are  minute  openings  (stomata)  com- 
municating with  a  IjTuphatic  vessel  bflow.  The  number  of  IjTnphatic 
venels  varies  considerably  at  different  [lurts  of  the  alxlominal  cavity. 
They  are  far  more  abundant  on  the  under  surface  of  the  diaphragm 
than  in  any  other  region. 

Method. — If  &n  irritant,  such  as  *  piece  of  worsted  thread,  bt?  introdncc<l  into  the 
abilum«ii  u(  a  narcotised  animal  (a  young  dog  or  guiiica-jiiK  id  l>«<t),  and  Iw  left  then 
fKMMthing  like  forty-eight  to  sixty  hours,  the  peritoneum  will  be  found  by  this 
nWto  be  in  a  itatc  of  acute  innainmation.  Ita  veoaels  are  disteudt-d  nitli  lilnod,  it 
haa  a  milky  a[ip<rarance,  and  a  i^uautity  of  0{ia(jue  exudation  will  bv  found  adhering 
to  ita  ■arfiu?e.  In  some  parts  the  o]ncity  will  ho  found  to  be  greater  than  in  others, 
•ad  theM  are  the  foci  of  most  acute  inflamnistion. 
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Let  the  auiinal  be  killed,  and  stain  the  sarfacc  of  the  otnentnm  and  meaoBtary  bjr 
pouring  over  it  while  warm  a  }  por  cent  lolution  of  nitrate  of  silver.  AUov  Um 
ailrer  to  renmin  on  the  membrane  until  it  become«  milkr,  thvn  cut  out  portioaa  i 
waah  them  in  several  relays  of  ciLstitUd  water.  On  no  account  put  the  roaoibruw  J 
ordinary  tap  water  at  any  time,  otherwise  the  preparation  will  bo  daiuag«d ;  aai 
ihould  also  be  taken  to  chsn){«  the  lirst  washings  quickly,  to  prevent  the 
which  may  have  escaped  from  interfering  with  the  stain.  Allow  the  pLecea  of  i 
bnine  to  stand  in  a  white  basin  exposed  to  bright  but  not  to  direct  conli^t, 
after  twenty-four  hours  mount  pieces  of  them  in  glycerine  jelly  (Sect.  45). 

The  staining  must  be  done  inunediately  after  the  animal  has  been  killed,  other* 
wise  the  sUver  will  (ail  to  be  precipitated  on  the  borden  of  the  cella. 

When  the  pieces  of  membrane  have  become  sufBciently  broi 
coloured  (two  or  tliree  days),  the  following  appearances  will  be  not 
should  the  experiment  succeed  : — 

Harly  Appearances. — Wo  have  already  seen  what  ocean  in  tli«~ 
bloo<l-vossols  and  their  contents.  Let  lis  now  examine  in  what  regp^eU 
the  fixed  elements  are  in  Hue  need.  If  the  inflammation  in  the  put 
imder  examination  be  not  very  far  advanced,  and  especially,  if  it  be  a 
continuous  flat  part  of  the  mesentery  without  meshes,  almost  the  onlj 
altenition  observable  in  the  fixed  tissue  elements  will  be  found  in 
endothelium  covering  its  surface.  Instead  of  its  presenting  the  apj 
ance  of  a  layer  of  large  fkt  cells,  whose  outlines  are  demarcated  by  i 
precipitation  of  the  silver,  many  of  the  pltilns  appexiT  to  be  split  tiifc) 
number  of  fragments,  whose  outlines  are  blackened  by  the  silver  and 

are  thus  rendered  visible.     It 
rare    for  this  to  prevail  over  •] 
large    area,  but  it   will    usual); 
be  found  that  at    one  }>art 
endothelium     on     the      su 
is    healthy,    while    it    gradiudlfl 
merges  into  the  broken -up  con- 
dition just  referred  to. 

The  interpretation  of  thit] 
npi>earance  seems  to  be 
the  influnraatory  liquid  effUsed^ 
into  the  meshes  of  the  mem- 
brane has  undermined  the  en- 
dothelial plates  and  has  caused 
them  to  become  loosened.  In 
80  doing  the  delicate  bodj'  of  the 
cell  has  been  broken  up  into 
small  fragments. 

Endothelial     Desquama-j 
tion. — In  many  cases  the  endothelial  plate  i?  shed  entire,  so  thtir 
the  exudation  ])ourod  into  the  abdomen  in  the  early  stages  of  peri- 
tonitis will   be  found  to  contain  such  desquamated  endothelial  celltj 
in  abundance. 


m 


Tm.  «o,  —  liBHaoAiiATiira  awimasuAL  cell* 
or  MnorrcaT,  ToinMlloai    Aotm  r»mixiTij 

(KSaOblklU..  8llV«t)L 
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Endothelial  Proliferation. — It  does  not  necesaarily  follow,  bow- 
i*er,  thiit  the  whole  of  tlio  endotholial  cells  are  shed  in  this  way — 
simply  desquamated  or  broken  up  without  taking  any  further  part  in 
the  inflammation,  l^heir  nuclei  undoubtedly  freqiKiitly  diriJe  and  give 
riae  to  numbers  of  new  cells,  which  can  be  seen  germinating  at  par- 
ticular points  on  the  surface.     These  now  be^n  to  groto,  and  in  so  doing, 


Zip< 


m.— OtBMnrATno  RKPomKum,  OMnrrvu,  Tuimo  Doo.    Acun  Pkbitonttu 

(XSSODIAMI.) 

(a)  KatanI  uututheUnm  corerlnK  mil  of  a  iniiah  ;  (b,  Ji  codotlMllal  ealU  beslnnlDg  to  g»nnl- 
oato  :  (c)  ■  chain  of  gannlnatliig  mILi  exUndlng  acroM  a  fenaatis ;  (i)  maat  of  gtrmliuMng  aiuia- 
tkali^  nib  (BU<r<r). 

entirely  Io«e  the  character  of  endothelial  plates.     They  become  round 
or  pear  «hAp<?d,  and  contain  one  larf,'c  tuicleus,  or  several  (Fig.  81). 

Connective  Tissue   Proliferation. — At  the  same  time  there 
cannot  Ik:  much  doubt  that  ik$  connecHve  Hatue  corputde*  assume,  in  the 
r  llaijfjt  at  legist,  thf.  same  germinal  character.     From  these  two  sources, 
wif,  the  endotlicliuw  covering  the  surface  and  the  corjwsclea  lying 
▼OUl  R 
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attached  by  their  tailed  end  to  the  "wall  of  the  vessel.  The  peripheral 
layer  of  leucocytes  wthin  the  vessel  is  sometimes  so  thick  that  the 
coloured  corpuscles  may  be  entirely  hidden,  lying  as  tbey  do  in  the 
axial  core. 

Among  those  leucocytes  in  the  immediate  vicinity  of  the  vessel, 
however,  are  to  be  found  cells  which  hare  nothing  in  common  with  them. 
They  are  much  larger,  and  resemble  those  found  on  the  surface  of 
the  membrane.  Durante  (No.  46,  iii.  1871)  has  described  these  as 
in  all  probability  derived  from  the  connective  tissue  cells  of  the 
adventitia. 

TJt6  endothelium  of  the  surface  of  tlie  membrane  has  almost  com- 
pletely vanished  (see  Fig.  82),  by  desquamating,  either  before  or  after 
germinating ;  and  instead  of  the  thin  lamina  of  squamcs  to  be  seen  in 
the  natural  state,  the  membrane  is  now  covered  with  a  crop  of  actively 
growing  cells  with  large  nuclei,  often  from  t^vice  to  three  times  as 
large  as  the  leucocytes.  In  the  fenestrated  parts  of  the  membrane 
they  bud  forth  in  pyriform  offshoots  (a),  with  a  long  stem  adherent  to 
the  fibrous  baais. 

That  these  are  leucocytes,  as  is  sometimes  suggested,  seems  to  be 
quite  untenable.  They  are  so  large  that  if  they  be  compared  with  the 
size  of  some  of  the  capillaries  in  the  neighlxDurhood,  it  is  perfectly 
evident  that  they  could  never  have  passed  along  their  channels. 
They  can  be  kept  alive  in  blood  serum,  and  show  amoeboid  move- 
ments. Threads  of  Fibrin  are  occasionally  seen  stretching  across 
a  fenestra  of  the  mcmhnuio,  and  these  large  cells  become  attached  to 
them.  The  cells  also  become  adherent  end  to  end,  thus  forming  long 
chains  (Fig.  81  C.)  This  has  been  suggested  as  one  mc^ins  by  which 
adhesions  may  be  brought  about.  They  are  readily  sejiarated  from 
the  membrane,  and  are  abundantly  cast  off  with  the  discharge.  That 
they  are  derived  from  the  endothelium  and  other  fixed  tissues  is  in- 
dicated by  the  fact  tiiat  they  can  be  seen  rising  up  from  the  surface  of 
the  membrane,  gradually  enlarging,  and  finally  adopting  the  pear  or 
pegtop  shape  which  is  so  characteristic. 


PULMONARY  EPITHELIUM. 

177.  In  catarrhal  pneumonia,  an  appearance  very  similar  to  the 
tprouting  of  the  cells  from  the  surface  of  the  mesentery  is  produced 
h^  the  epithelium  of  the  air  vesicles  germinating.  Large  quantities 
of  this  germinating  epithelium  are  thrown  off  into  the  air  vesicles,  and 
are  expectorated  with  the  discharge  (see  "  Catarrhal  Pneumonia  "). 


MUSCLE. 

Waldcyer  (No.  13,  vol.  xxxiv.  p.   473),  many  years  ago,  showed 
that  the  peculiar  change  which  muscle  undergoes  in  typhoid  fever  is 
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accompanied  by  proliferation  of  its  nuclei,  and  he  regards  the  condi- 
tion more  as  an  inilanmiatiun  than  as  a  pure  degeneration.  He  con-* 
firmed  liis  researches  by  artificially  iuQam- 
ing  muscle  in  animals.  Tschainski  of  St. 
Petersburg  (No.  70),  and  Spina  (No.  46, 
1878,  p.  349),  have  repeated  these  experi- 
ments with  similar  results. 

In   acute    myocarditis   in   Man,    som«, 
beautiful  examples  of  the  division  of  muscle 
nuclei  ore  occasionally  obtained.     Tho  sare*! 
0U8    substance    becomes    very    cloudy    and 
granular,  loses  its  striation,  and  apparently 
disintegrates.      Tlie    division   which    take* 
place   in    the   nucleus    li&a  sometimes    beea' 
regarded  as  a  sign  of  degeneration.    The 
author  cannot  agree  in  thi.>«,  for  while  the 
sarcoua  substance  goes  on  retrograding  and] 
falling  to  pieces,  the  essential  part  playod.| 
by  the  nucleus  is  that  of  reproduction   and  growth.      It  assumMl 
embryonic   characters,   becomes   like   the   nuclei   of  the   cells   in   a ' 
growing  sarcoma,  and  reproduces  itself  over  and  over  again.     Around 
it,  when  liberated  from  the  muscle  fibre,  there  is  always  a  little  proto- 
plasm.    The  nucleus  stains  deeply  with  nuclear  staining  reagents,  and 
in  all  respects  behaves  like  the  nuclei  of  parts  which  we  know  «i» 
growing. 

The  young  muscle  cells  sometimes  get  mixed  up  in  a  cicatrix 
along  with  the  ordinary  spindles,  and  subsequently  become  developed 
into  striated  fibres. 


FlO.    8S.  —  IinOAVKD    MuaoLK, 
Aomrm  MtocaU)  ITU  (  X  SiO  Dumb.) 

(a)  BtiUnc«d  moicle  nnol«ni;  (I) 
moMtilkr  fltira  bMoming  gmna- 
lar  :  (c)  mnicla  nacleiu  dlvld- 
lug  (PIcro  •  nnniiM  tad  Vkr- 
imoU'  Bolatloo). 


OLAND  TISSUE. 

1 78.  AVhen  the  liver  is  irritated,  as  by  the  presence  of  a  foreign 
bo<ly,  the  liver  cells  proliferate  (Huttenbrenner,  No.  70)  in  the  imma-j 
diate  vicinity.     In  cirrhosis  of  the  organ  in  Man,  some  of  the  mo 
beaatiful  examples  of  proliferation  of  the  liver  cells  may  sometimes  b*l 
found  (see  Cirrhosis). 


BRAIN  AND  SPINAL  CORD. 

(See  Cerebritis  and  Myelitis.) 

Granges  in  thk  Fixkd  Tissuks.    B.  Non- Vascular  Pari». 


1 79.  The  cornea  and  cartilage,  have  been  much  utilist 
study  of  those  phenomena  which  were   supposed   to   be   i. 


purely  with  the  fixed  tissues.  The  former  was  the  battle-ground 
over  which  a  long  controversy  was  waged  between  Strieker  and  Cohn- 
beim,  and  their  respective  pupils. 


The  Cornea. 

180.  Much  of  the  difference  of  opinion  that  exists  as  regards  the 
appearances  in  artificifil  keratitis  depends  upon  the  various  interpreta- 
tions of  its  normal  structure.  It  is  certainly  one  of  the  most  mis- 
leading of  all  tissues,  more  especially  when  stained  with  silver  and 
gold.  When  analysed,  however,  with  care,  its  composition  will  be 
found  to  bo  comparatively  simple,  quite  corresponding  in  its  essential 
architecture  to  that  of  all  the  connective  tissues. 

As  is  well  known,  there  is  a  common  type  upon  which  the  whole  of 
the  connective  tissues  are  moulded,  and  the  cornea  is  no  exception 
to  this  rule.  As  we  shall  see,  it  is  simply  a  nucleated  fibrous 
tissue  with  a  specially  free  set  of  lymph  channels  in  place  of  blood- 
vessels.* 

Subject  to  Surrounding  Blood- Vessels. — As  previously  men- 
tioned, it  is  somewhat  short-sighted  to  regard  the  cornea  a.s  non-vascular. 
It  is  pervaded  in  every  jwirt  by  Ij-raph  channels,  and  these  undoubtedly 
are  in  communication  with  the  sclerotic  vessels  at  the  border.  Hence 
as  the  cornea  depends  for  its  nourishment  on  the  vessels  around  it,  it 
must  be  more  or  loss  influenced  by  the  condition  of  the  circulation 
within  thom. 

181.  Its  Structure. — If  the  cornea  be  hardened  in  Miillcr's  fluid, 
and  a  perpendicular  section  Iw  made  through  it,  it  is  seen  to  be  com- 
posed of  parallel  laminae  of  fibrous  tissue.  These  are  very 
numerous,'  and  are  so  closely  bound  to  each  other  that  they  constitute 
a  continuous  tough  membrane.  The  only  difference  between  tliis  and 
any  other  white  fibrous  tissue  is  that  a  homogeneous  chondrin- 
jrielding  cement  substance  is  infiltrated  between  its  bundles, 
thereby  imparting  to  the  whole  mass  its  necessary  transparency.  The 
layers  are  easily  separable  after  the  fresh  cornea  has  been  soaked  in 
dilute  acetic  acid,  and  if  one  of  those  be  teased  out  with  needles,  it  is 
perfectly  evident  that  each  lamina  is  simply  a  mass  of  white  fibres ' 
(I'ig.  84). 

The  bundles  of  fibres,  however,  are  arranged  in  a  peculiar  way,  in 
BO  far  as  those  of  one  layer  run  almost  at  right  angles  to  those  ad- 
jacent, so  that  in  a  partial  dissection  of  them  they  are  seen  to  inter- 
croBii 

'  It  U  Jnipouiblo  to  give  anything  lilcc  a  return/  of  Uic  literatnre  of  ihi«  labjeet,  to 
Itirmii  hiu  it  become,  anil  the  aiitbor  accordingly  has  simply  rert<rrt«l  in  tb4  blleflMt 


MDilti 
wnna 


I  U>  tlioM  treatiaea  on  itn  conxtractiou  which  are  necuMary  in  order  to  ondcnrtond 
tta  alUnlloM  it  RofleTB  when  inflamed. 

*  Ilnl*  (No.  S6,  i.  18&2)  maintained  that  they  were  over  throe  hundred  in  number. 
It  «u  BowBuin  who  diicovereil  ito  laminated  (tnicture  (No.  72,  1M6-47). 

'  CoBfult  Bollet  (Na  12,  xxiU.  1859). 
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If  a  coloured  fluid  insolable  in  water,  or  if  mercury  (Bowniui)  be 
driven  in  from  the  border  of  the  cornea,  it  sometimes  accidentally 
injects  the  spaces  between  the  bundles  and  causes  the  ap|)earance  of  a 
number  of  straight  tubes  (Bowman's  tubes)  with  slight  dilatations 
upon  them  (see  Schweigger-Seidel,  No.  73,  1886,  and  Boddart,  No.  50, 
1871,  p.  '22).  These  so-called  tubes  are  nothing  more  than  the  tpaees 
between  tlie  rudimentary  bundles  composing  each  lamina,  and  as  tlw 
bundles  intercross,  so  the  spaces  or  so-callod  tubes  between  them  simi- 
larly intorcroas.* 


Fm.  ti. — BoxDua  or  Pibjum  oonrouMa  m  LtMnim  or  Paoa*!  Ooavi*. 
(TMaeil  proptntton.    GoM,  xliO  Dt&w.) 

(a)  T^uUorm  noeleaa  lying  on  the  buniUa  ;  (i)  tht  bandle  of  wlilte  nhtm. 

Upon  each  bundle  of  fibres  lies  a  fusiform  nucleus  which,  if 
cornea  be  stained  iu  gold  or  hicmatoxylcno,  c^n  ]>o  readily  seen 
the  fibrea  are  separated  by  teasing  (see  Fig.  84).     When  in  n/n,  the' 
Ducleoa  is  frequently  bent  or  twisted,  but  when  the  fibre  on  which  it_ 
lies  has  been  separated  and  slightly  stretched,  it  is  found  to  be  clo 
•{iplied  to  tho  bundle  and  to  show  a  distinctly  fusiform  shape,  like  the 
repwamted  on  the  bundles  of  fibrous  tissue  from  a  iiliroua  tumour  in 

>  BoTtat  (Mo.  76)  maiataiu  Ui»t  th*r  h«  mm\j  wtUMal  olafis  la  Um 
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Fig.  136.  It  always  stains  deeply  with  gold  if  the  Bolution  haa  been 
successful  in  finding  its  way  into  the  somewhat  impfnetrable  tertore.* 
Between  each  twa  janiinie  of  the  cornea  is  contained  a  system  of 
very  beautiful  branching  plasma  spaces  or  canals,  differing  in 
shape  in  various  animals  and  anastomasing  by  numbers  of  offshoots. 
In  the  kitten,  at  least,  and  probably  in  other  animals,  the  wall  of  these 
spaces  is  composed  of  a  distinct  endothelium  (see  Hoyer,  No.  76, 


v.^ 


sJra 


i. 


.^T": 


Fio,  U.— PutAMA  Staco,  Cornu  or  Kmcx.    (SUT«r,  X4M)  PiMW.) 

(a)  A  tteiktc  tiffBo;  (b)  IntcrmedUU  ground  anbirtanoa  of  luaells:  (c)  rnilolti»llkl  pUte  «IUi 
ani  anelna  Ualng  a  pUmu  apace  :  (rf)  pluma  cpaoe  of  ailjacwnt  lamtua  out  nt  foriia. 

186R,  p.  214),  each  endothelial  plate  having  a  delicate  oval  or  round 
nucleus  in  its  centre  (I'^g.  85),  but  the  finer  intercommunicatiug 
brauchoB  are  seemingly  made  up  simply  of  a  cement-like  substance.* 
TIjc  space*  are,  in  f.ict,  simply  parts  of  two  adjacent  lamiiiit  which  are 

'  Thin  (No.  19,  1876,  Part  i,  p.  898)  fiKunai  c«rUin  delicat*  npindle  c«Il  Wliea 
Ifiitg  brivfwn  tb«  filxila  of  the  corneal  lamoUir.  Th«  author  is  quite  familiar  with  the 
•ppaaimnoa,  but  nigwdi  them  more  a*  (paces  whose  coutenta  are  stained  with  p>lil — in 
bi^  Bowman's  tube*. 

*  XoUet  (No.  75)  statM  that  the  endotheliam  is  found  00I7  In  young  auimali.  With 
Iklai,  ttowrrar,  the  antbor  cannot  a^ree. 
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not  adherent)  and  when  seen  in  cross  section,  present  a  fusifonn  shmpe^^ 
the  space  being  seen  on  edge. 

The  nuclei  which  lie  on  the  bundles  of  fibres  composing  the 
generally,  but  not  always,  correspond  to  one  of  these  spaces,  so  that  the 
project  into  them.     As  the  space  is  formed  by  a  separation  of 
laminte,  the  bundles  composing  the  latter  naturally  have  to  diverge' 
from  the  continuous  plane  in  which  they  otherwise  run  to  allow  of 
this.     Hence  the  nucleus  which  lies  on  these  bundles  usually  has  • 
bent  or  twist«d  appearance  when  the  surface  of  a  lamina  is  examtned.4 
At  other  times,  when  the  nucleus  does  not  correspond  with  a  space,  it] 
appears  perfectly  straight.     The  appearance  is  similar  to  the  distortion 
which  the  nuclei^  of  a  bundle  of  fibrous  tissue  undergoes  in  tendon, 
only  to  a  less  extent. 

As  to  whether  the  connective  tissue  corpuscle  nucleus  projects  into 
the  space,  or  whether  it  is  separated  from  it  and  covered  by  the  endo- 
tlielial  wall,  it  is  somewhat  tlifficult  to  settia  The  author  is  inclined, 
however,  to  believe  that  the  connective  tissue  nucleus  does  not  project 
actually  into  the  space,  but  sim])ly  shines  tlurough  \ta  wall,  and  that 
the  lymph  spaces  and  canals  are  in  reality  a  set  of  tubes  as  completafy 
shut  off  from  the  surrounding  structure  as  capillary  vessels  elsewhere^ 
whose  function  in  some  respects  they  seem  indeed  here  to  fulfiL 

Branches  of  the  canalicular  system  run  into  and  at  right  angle*  to  J 
adjacent  laminae,  and  thus  a  free  anastomosis  is  brought  aboafc'^ 
between  the  different  systems  of  spaces  and  canals. 

A  viscid  liquid  fills  this  canalicular  system.     What  the  liquid  u 
aeems  open  to  question.     Were  a  liquid  having  a  different  refractive 
index  from  the  solid  tissues,  spread  throughout  the  cornea,  it  is  evident 
that  the  function  of  the  membrane  would  be  interfered  with.     It  doea  j 
not  appear  to  be  ordinary  lymph,  but  has  a  more  or  less  colloid  cbarao*  | 
ter.     If  it  were  mere  lymph,  it  would  l>e  more  readily  displaced  from  1 
the  canals  after  death  than  it  is.    It  stains  with  haematoxylene,  whereat] 
ordinary   lymph    would   not   give   any   such    reaction.      It   is   even! 
questionable  if  the  whole  of  it  circulates.     It  seems  more  likely  thaij 
it  is  an  albuminoid  substance  which  loosely  fills  the  canals,  and  thus 
allows  a  free  circulation  of  ordinary  lymph  for  the  nourishment  of  the 
tissue  between  the  two.     There  is  another  possibility,  namely,  that  ii, 
is  simply  lymph  exuded  from  the  sclerotic  vessels  at  the  limbua  comei^l 
which  afterwards  becomes  concentrated  and  slowly  circulates  throoghl 
the  lymph  channels.     The  former  view  seems  the   more   probable. 
Ljonph  corpuscles  are  frequently  carried  into  the  canals  and  con- 
stitute the  so-called  waruUring  edit,  hence  showing  that  the  chaniMbj 
are  pervious. 

Summary. — The  cornea  is  thus  composed  of  lamince  of  ordinary  I 
whit4>  nucleated  fibrous  tissue,  with  a  system  of  branching  Iyni|ji 
channels  and  s[jacos  between  them.     Through  these  canalicular  apaoei] 
lymph  slowly  circulates,  carrying  with  it  an  occasional  lymph  coipiudi^  | 
and  it  is  by  thia  means  that  its  nourishment  is  maintained. 
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GOLD  AND  SILVER  STAINING. 

All  the  difficulties,  however,  in  regard  to  understanding  the  cornea 
have  arisen  from  the  peculiar  appearances  produced  by  staining  it  with 
silver  and  with  gold.  Nitrate  of  silver  has  the  power  of  staining  the 
outlines  of  the  plasma  spaces  and  canals,  while  terchloride  of  gold 
becomes  precipitated  on  the  plasmatic  fluid  contained  witiiin  the  spaces 
as  well  as  upon  the  connective  tissue  nuclei  lying  ou  the  bundles, 
forming  with  the  albumin  of  the  first  an  albuminate  of  gold. 

It  will  consequently  happen  that  the  picture  presented  by  the  use 
of  these  reagents  will  differ,  for  while  the  silver  will  bring  into  view 
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Pio.  88.— CouriA  or  Pmo  (Gold,  %  4S0  Diams.) 
(<!}  Bmaehai  of  w-ealled  eoraM  eorpiuclM ;  (&,  6)  nnclei  of  inmt ;  («) »  (o.aillc<l 
cornea  curpiuclc;  0O«  nucleu»  twUtnL 

the  walls  of  the  spaces,  the  gold  will  show  simply  their  contents. 
The  one  picture  is  that  of  the  walls  of  the  tubes,  the  other  that  of  the 
liquid  which  lies  within  them. 

The  silver  picture  is  shown  in  Fig.  85,  the  gold  picture  in  Fig.  88. 
In  the  fomifr,  the  endothelial  walls  (kitten)  are  distinctly  visible,  in 
the  latter  (frog)  these  arc  imperceptible,  but  a  series  of  branching 
eorpuacle-like  bodies  is  brought  into  sight 

Againil  tliis  rivw,'  it  has  been  urged  thmt  the  one  often  does  not  correspond  in 
*\»\ti'  Ui  the  other.     Wlivo  this  happens  it  is  due  to  two  causes,  firstly,  to  the  gold 
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hATing  been  imperfectly  precipitated  on  the  contents  of  the  finer  branches  ;  wKonillf, 
to  an  optical  illusion  by  which  the  one  figure  does  not  seem  to  correspond  ti>  the 
other.  The  spaces  in  the  silver  figure  look  wider  than  the  lines  in  the  gold,  a  porcljr 
optical  result,  as  they  closely  correjipond.  It  will  be  found,  aa  a  matter  of  fact,  that 
in  the  same  species  of  animals  the  character  of  the  gold  lines  coincides  with  tiioa* 
of  the  silvvr,  if  the  staining  has  been  completely  saoc«csfnl. 

The  remarkable  point  about  the  gold  image  is  that  it  looks  m 
if  the  reagent  had  brought  into  view  a  series  of  branching  cells  ia: 
stead  of  the  albuminoid  contents  of  the  plasma  canals ;  and  this  JL 
rendered  all  the  more  specious  by  the  fact  that  in  the  so-called  bodjr 
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Fla  (9.— DiAOBxMMATic  Sonnu  or  Stboctuu  or  Gold  Cobvka. 

(/,  t)  A  bondl*  of  flbns  of  a  lamnlla  dirldcd  into  lu  nltinuta  llbiiU ;  (/,  ftj),  dmflar  i 
an  BiUaoeDt  lamella  nmning  at  right  angle*  to  fornwr  :  (n,  b),  nncleiu  of  »  biuxllc ;  ((,  t)t 
tmsdlM,  the  SbrUs  sot  i«t>nMnt*d ;  (B,  r),  Bowmao'i  tabes ;  (b,  p,  t),  branching  (lUima  rt«asi 
closed  brtwean  two  latnina.,  tlw  nucleos  of  the  bandle  shining  throogh  thun. 

of  nearly  every  cell  there  is  to  be  seen  a  nucleus.  The  nocleus  iMfl 
however,  seldom  quite  centric.  It  is  more  often  found  Ijring  to  one 
side,  and  has  an  oblong,  bent,  or  twisted  configuration  quite  unlike  the 
nucleus  of  any  other  known  cell,  unless  that  of  tendon. 

These  lu'old  sUiinod  branchiii|j;  bodies  have  accordingly  been  named 
the  branching  or  fixed  cells  of  the  cornea. 

With  Schwei);grr-Scidcl  and  Thin,  the  author  is  satisfied  that  thdM  bodiM  an  Mt 
oeUa,  bat  that  thi-y  xiiiiply  smume  this  appeannce  on  account  of  their  Mag 
poMd  of  BQ  olbumiuuid  liijnid  moulded  in  brtnched  canals.      U  they  war* 
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Dohed  cvlla,  they  should  be  capable  of  being  iaolated.  Hu  any  one  ever  suc- 
ceeded in  doing  so  !  What  appears  to  be  the  nncleus  of  a  bnoching  cell  is  Dothing 
moie  than  the  nucleus  attached  to  a  bundle  of  fibrous  tissue  entering  into  the 
formation  of  a  lamina  as  before  described,  am]  projvctiiig  into  the  spacv.  It  is 
occasionally  twisted  or  distorted  from  its  being  applied  to  the  bundle  as  it  cir- 
cnmTents  the  gjiace,  and  is  rarely  perlcctly  centric. 

That  this  is  the  correct  interpretation  of  the  much  discused  nucleus  of  the  so- 
called  branched  cornea  cell  becomes  perfectly  apgiarent  when  the  following  procedure 
is  adopted.  Let  a  frog's  cornea  be  thorctighly  staiiie<i  in  gold  tcrchloride  and  split 
into  laminK  loaa  to  bring  these  bocaIUhI  bninchrng  ixlla  into  view.  Lay  the  corneal 
lamiba  on  a  slide  and  drag  slightly  with  two  needles  upon  it  without  at  Rrst  causing 
any  laceration.  Sercral  of  the  so-called  branched  cells  wUl  bo  fnunil  immediately  to 
vanish,  leaving  nothing  but  fusiform  deeply  stained  nuclei  lying  upon  bundles 
of  whito  fibrous  tissue.  Pull  the  tissue  thoroughly  to  pieces  with  the  needles,  and 
not  a  remnant  of  a  br&nched  cell  will  bo  left,  but  in  place  of  the  lovely  network 
previously  displayed,  the  whole  structure  becomes  resolved  into  bundles  of  fibrous 
tiame  with  largo  fusifonu  nuclei  adhering  to  them,  undoubtedly  the  same  bodies 
previooaly  seen  projecting  into  the  corneal  space  (see  Fig.  81). 

The  author,  therefore,  has  little  hesitation  in  concluding  (1)  that 
the  "  branched  cells  "  of  the  gold  cornea  do  not  really  e.xiat.  They  are 
■imply  spaces  tilletl  with  albuminoid  fluid.  (2)  Their  so-called  nucleus 
belongs  to  an  underlying  bundle  of  fibrous  tissue,  and  is  simply  seen 
through  the  transparent  contents  of  the  space.  (3)  The  reason  why 
the  one  is  seen  in  connection  with  the  other  is  that  they  both  stain 
with  gold  while  the  endothelium  of  the  wall  of  the  plasma  space 
does  not 


METHOD  OF  STUDYING  KERATITIS. 

182.  Two  of  the  best  cornese  for  studying  inflammation  in  are  those  of  the  kitten 
and  summer  frog.  After  the  animal  bus  been  deeply  narcotised  with  chloroform, 
the  centre  of  the  cornea  is  touched  with  a  sharp  point  of  nitrate  of  silver,  or  a  thread 
nay  be  dnwn  through  it.  The  suj)crfluous  nitrate  of  silver  should  bo  neutralised 
bf  washing  the  surface  of  the  cornea  with  a  solution  of  common  salt  In  from  three 
boon  op  to  several  days,  according  to  circumstances,  it  shotiM  bo  examiiiml.  If  it 
ii  desired  to  stain  it  with  nitrate  of  silver,  the  animal  should  be  again  deeply  nar- 
eottted  and  the  whole  anterior  surface  of  the  cornea  be  mbbedover  with  soliil  nitrate 
of  lilrer  (Strieker).  The  silver  stains  much  more  thoroughly  when  applied  in  vivo, 
the  animal  being  immediately  thereafter  killed,  or  the  auterior  epithelium  may  be 
•en|>Ml  away,  and  a  10  per  cent  solution  of  nitrate  of  silver  bo  dropped  on  to  the 
nrfare  until  it  becomes  milky.  In  tbu  latter  case  it  should  be  laid  in  the  silver 
eolation,  after  being  excued,  for  a  few  minutes.  In  both  cases,  when  the  staining  is 
complete,  the  excised  cornea  must  be  placed  in  dilate  acetic  acid  (1  per  cent)  until  it 
nreUa  ap  to  several  times  its  original  thickness.  It  can  be  dolaminated  by  the  use 
rimply  of  the  scalpel,  or  it  may  be  cnt  in  the  ether  freeting  microtome,  if  care  ii  laJeen 
■Ml  to  VMT'frtat  iL  Two  incisions  should  be  made  into  its  margin  so  as  to  get  it  to  Lie 
spoa  the  freedng  plate.    The  sections  should  b«  mounted  in  glycerine  jelly  (Sect  46). 

The  sane  methods  of  irritation  may  be  employed  where  it  is  desirable  to  stain 
with  gohL  The  anterior  epitht-lium  is  scraped  olTand  the  cornea  excised,  the  stain- 
ing being  aobiequently  accomplished  by  leaving  it  iu  a  )  per  cent  solution  of  gold 
tankioride  for  about  half  an  boar.     It  is  next  waahed  in  distilled  water  and  placed 
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in  dilntc  acetic  acid  (1  per  cent)  for  twenty-foar  hours.     It  ought  now  to  1m 
ferred  to  a  mixture  of  equal  parts  glycerine  and  water,  slightly  acidulated,  ud  1 
allowed  to  remain  until  it  awomes  •  dark  purple  colour. 


INFLAMMATION  OF  THE  CORNEA. 

1 83.  When  a  comea  is  toucted  in  the  centre  with  a  pencil  of  nit 
of  silver  in  the  manner  just  described,  the  part  which  is  caat 

dies,  and  shows   no  evidence  of 

flammatory    reaction.      The    pL 

canals  can  be   seen  in  it  fixed 

stained    by  the    silver,  but    withog 

any   of  the    transformations    notic 

in  those  lying  farther  out      Imm*-^ 

diately   in    contact   with   ita  border, 

there    develops,   in    a  few  days  (8«»^ 

Fig.    90)    what    is     known 

inner   zone    of  irritation    (His)*! 

Fto.90.— aoit«»i«orT«i«p*»Tji  iif  Ann-  This  area  frequently  becomes  milkyj 

nouu.r  iNrL*M«)  co«»ax.  ^„j  opaquo,  more  particularly  whe 

<o,f)OQt«  «onc  or  irriution;  (i,i)  Inner  jjjg  bIquifIi  in  thc  Centre  begins  to^ 

aoM  ana ;  (iQ  alowh :  (jt,  i)  remainder  ..  i .  l   _»     i  •  4  _°      « 

DffliHif  rntattaf^  separate.     At  a  short   distance   out- 

side of  this  again  is  a  second  opaqa 
ring,  the  outer  zone  of  irritation,  more  evident  than  the  for 
usually  constituting  a  nearly  jwjrfect  ring,  although  broader  in 
parts  than  others.      It  is  in   this  outer  zone  that  the  inflamn 
reaction  is  most  active, 
the  wound  heals. 


In  course  of  time  the  slough  aepantes 


Cohnheini's  Early  Views.— If  the  comeA  be  irritated  by  the  above  vamam  iu  a 
frog,'  and  the  animal  be  allowed  to  live  for  twenty-four  hours  in  aammtf, 
four  to  six  days  in  winter,  one  sees,  according  to  Cohnbeim  (So.  IS,  xL  p.  1}  I 
fixed  cornea  corpuscioa  in  all  their  pristine  beauty,  perfectly  onalterad.  BttWMA  or 
above  these,  however,  are  to  be  found  pus  corpuscles  separated  or  in  granpiw  U^ 
sometimes  running  in  atraight  lines.  In  the  rabbit  this  is  virtUAlly  also  all  tliat  ii 
to  be  made  out  in  moat  cases.  He  did  not  deny,  however,  that  where  the  irritatioB 
ia  vety  severe,  and  where  suppuration  occurs,  the  fixed  comea  corpoacles  booonM 
altered.  One  can  aee,  b<  mXA,  that  in  this  rase  the  fixed  cells  become  granttlar,  that 
the  proetaaea  are  contracted,  and  also  that  vacuoles  may  iwrhapa  have  formed  ia 
their  protoplaam.  Thia,  however,  ia  a  totally  different  phenomenon  from  the  for* 
mation  of  pus,  and  will  not  account  for  the  pus  found  in  suppuration. 

To  explain  the  occurrence  of  pua  corpuscles  in  suppuration  of  the  cornea  he  lieU 
that  one  of  two  nodes  of  origin  mnst  be  acceptc<l,  either  that  they  have  orifinatad 
in  the  ever  preaent  wandering  cells  of  the  cornea,  or  that  they  are  leoeocytca  wlil^h 
have  {Muaed  into  the  lymph  channels  of  the  roroce  from  the  sclerotic  veesele  nt   ;.': 
periphery.     In  his  tint  work  [loe.  eil.)<m  tnflamnistion,  he  stated  that  keratilu 

*  Ebcrft-  <  v..    I'M    -....I  \..    -M.  1876,  p.  7b)  (Utu  that  be  belirres  the  appearaseaa 
follnwtn^  .  coraaa  differ  greatly  la  mammalia  andiaiyo^    la 

the  fanuu  .  ,  naulta ;  in  the  latter  It  is  |wHphenl  ia  < 
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•Iwsyi  commencod  nt  tLo  periphery  And  spread  inwards,  and  that  in  the  early  stages 
pas  corpuscles  are  fouud  more  abundantly  at  the  border  than  at  the  centre.' 
Curiooaly  the  peripheml  cloudiness  begiu!)  at  the  upper  border  of  the  cornea,  and 
mily  appears  at  the  tower  later  on.  Ue  held  the  cause  of  this  to  be  the  gfMter  abnn- 
danee  of  the  blood-resscls  above  than  below. 

Cotoiircrf  Leuroqftes. — In  order  to  further  prove  the  identity  of  the  ptw  corpnaclea 
in  the  mppurating  cornea  and  the  blood  leucocytes,  he  injected  finely  divided  car- 
mine *(upeudc<I  in  an  acid,  or  precipitated  aniline  into  the  dorsal  lyniph  Baca  of  frog)! ; 
with  the  result  that  when  he  irritated  the  cornea  a  few  days  afterwards,  the  periphery 
became  coloured  from  the  leucocytes,  stained  with  the  particles,  which  had  wandered 
into  it     The  p*rticlea  were  not  free,  but  were  cuntaiucd  in  pus  cells. 

The  Salt  Frog. — He  abstracted  the  blood  from  a.  frog  and  substituted  salt  sola- 
tion  for  it.  In  this  state  the  animal  can  be  kept  alive  for  several  days.  The  come* 
was  now  irritated  centrally  as  before,  but  no  iiillamination  or  suppuration  ensued. 
As  Sanderson,  however,  very  properly  [joints  out^the  coniiitious  of  the  aoinisl  wore 
so  altered  as  in  all  probability  to  account  for  this  result.  It  would  be  surprLniug  if 
■ippaimtion  did  occur.; 

Suppurative  Keratitis — What  is  it  ? — The  question,  however, 
comes  to  b«*,  as  Strieker  puts  it :  Is  this  wandering  inwards  of  coloiirleaa 
corpuscles  from  the  margin  suppuraiirtn  1  Sui)puration,  he  says,  is  a  pro- 
cess by  which  pus  forms,  microscopically  recognisable  pus.  Waincler- 
ing  cells  in  a  tissue  do  not  constitute  a  suppuration.  An  oculist  would 
never  recognise  a  cloudy  cornea  as  one  which  was  suppurating.  This 
peripheral  invasion  of  wandering  cells  occurs  as  a  natural  phenomenon 
in  many  spring  frogs.  Where  we  have  to  do  with  a  veritable  sup>- 
puration  of  the  cornea  the  tissue  falls  to  pieces  and  on  abscess  cavity 
rHalt& 

Cohnheim's  later  Virvra. — Later  on  (No.  60)  Cohnheim's  views  on  the  subject 
of  keratitis  nnderwuut  considerable  modification.  He  recognised  that  there  was  a 
fomi  of  keratitis  which  did  not  commence  at  the  periphery  and  spread  inwards,  but 
which  was  central  in  its  origin  or  at  any  rate  which  had  its  chief  seat  immediately 
around  the  slough.  He  was  considerably  exercised  to  erplain  how  this  could  be. 
The  following  is  his  account  of  it : — 

yirtl  Period. — lu  gold-stained  comew  of  spring  frogs,  twenty-four  hours  after 
esDtnl  irritation  with  nitrate  of  silver,  and  from  eight,  ten,  to  twelve  hours  after- 
wards in  rabbits,  notliiug  else  is  noticed  in  the  zone  close  to  the  slough  than  the 
eUmeDts  of  the  part  badly  stained  and  in  a  state  of  vacuolation.  Around  the 
slough  is  a  dark  stained  line,  and  at  the  outer  border  of  this  begin  the  regular  con- 
tours of  the  so-called  cornea  corpuscles  with  their  nuclei.  They  roach  uaiuter- 
nipt«lly  to  the  periphery,  where,  in  |M<ri]ibernl  keratitis,  numerous  pus  corpusoloa 
ars  seen  Ijring  between  thetu,  especially  in  the  anterior  lamellsc.  As  this  period 
cloaM,  however,  another  commences  in  which  entirely  different  appearances  arc 
fooad. 

BuxmA  Prriod. — The  vacuolar  figures  are  polor  and  with  greater  difficulty  recog- 
oisad,  btfanw  they  are  covered  with  two  kinds  of  elements  ;  one  set  is  spicular  and 
osaaily  tUckly  set  toother  at  different  angles  ;  another  is  compoaed  of  the  onlinary 


>  Bocttcber  (So.  19,  Iviii.  p.  3U2)  drawn  Attention  to  a  very  Itupoi-tant  faUoey  bearing 
00  tUa,  Boaaly,  that  with  the  fewest  exceplioni,  all  frogs  ore  affected  in  April  with  a 
paiplMnl  karmtitii  of  a  bolf-moou-Uke  shape. 
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pus  corpiiftclea,  rounded  or  more  commonly  spindle  shaped,  only  to  be  distiii.giiiah«d 
from  the  spicular  bodica  by  the  fnct  of  their  containing  one  or  uior«  noclei  which  Wt 
always  wantiag  in  tho  latter.  In  frog^s  the  apicular  bodies  are  much  more  fi«(|iu)nt  \ 
the  pus  corpascles,  but  in  the  rabbit  they  are  not  ao  common.  From  the  < 
mcnt  those  are  arranged  in  rowa,  and  it  is  earious  tliat  they  often  mn  at  lint  •loag' 
aide  the  nerve  fibres.  In  every  case  Cuhnlicim  has  foand  the  stellate  sbap*  of  tk* 
corpuscles  in  all  zones  unaltered,  although__|ius  corpuscles  may  be  found  lying  clow 
by  them  so  thickly  as  portly  to  obscure  their  contours. 

In  construing  the  history  of  thow  appeuanees,  he  said  that  the  spindle-ohap 
bodies  and  ]iuh  corpuscles  clearly,  in  this  case,  do  not  wander  in  from  the  reaasLi  oft 
periphery.  We.  has  often  Recn  the  injection  of  the  border  of  the  cornea  and  peripheni 
cloudine&s  coin]>let«ly  fall  in  keratitis.  The  explanation  of  their  presence  he  flmi* 
in  the  fact  that  the  cellular  elements  of  the  conjunctival  fluid  are  increased,  and  that 
these  wander  into  the  cornea  through  the  lesion  at  the  centre.  During  the  ini 
twenty-four  hours  the  conicAl  tissue  is  unbroken,  corresponding  to  the  poriod 
which  there  are  few  or  no  pus  cor[iusclcs  in  the  part.  They  cannot  gain  admit! 
until  the  cauterised  portion  becomes  vacuolated  and  destroyed  at  the  borders  and  the 
epithelial  covering  lost.  The  conjunctival  fluid  freely  bathes  tho  surrounding  parts, 
and  by  the  action  of  the  eyelids  is  driven  into  the  canals  in  the  matrix,  which  be- 
come distended  and  widened.  As  it  mixes  with  the  cementing  matorial  or  "  Kitt- 
rabatans  "  tho  more  or  less  spicular  figures  are  prodnoed. 

In  the  normal  conjunctival  fluid  there  are  always  lat,  lymph  cells,  and  a  aiBall 
quantity  of  epithelium.  In  injury  of  the  cornea  the  cellular  elements  of  the  con- 
junctival fluid  are  much  increased  in  number,  aud  those  also  press  forward  into  the 
distended  int«rfibrillar  channels  in  a  linear  maiiuor.  Immediately  after  the  sepaiatiefl 
of  the  slough  tho  new  formation  of  epithelium  commences,  the  entrance  of  new 
corpuscles  into  tho  substance  of  the  cornea  is  prevented,  and  those  which  have 
already  wandered  inwards  spread  themselves  out  towards  the  periphciy. 

As  may  be  gathered,  Cohnbeim  denied  that  the  fixed  cornea 
took  any  part  in  the  formation  of  pus.  He  admiiird,  however,  that  Ouf  ( 
Wit  unchanged,  for  while  he  stated  that  they  do  not  divide  to  form  n< 
elcmente,  he  described  the  metamorphosis  which  they  undergo  m  of  ^ 
retrograde  nature  by  which  they  become  vacuolated  and  break  np  into 
small  pieces. 

This  process  of  vacuolation  of  the  cornea  corpuscles  has  been 
much  dwelt  upon  by  all  pathologists  who  have  worked  on  the  subject 
of  keratitis,  and  lias  been  more  especially  considered  in  a  very  able 
paper  by  Professor  Axel  Key  and  C.  Wallis  (No,  13,  Iv.  p.  296). 
They  say  that  for  a  considerable  distance  round  the  slough  the  fixed 
corpuscles  become  destroyed  by  this  means. 

Cobnheim  even  granted  (loc.  ciL)  that  in  certain  instances  divided 
nuclei  are  seen,  even  in  great  numbers,  within  the  cornea  corpuscle^ 
but  asks  what  signification  this  has  for  the  fact  of  their  for 
isulatfd  individual  pus  corpuscles.  He  cannot  see  that  tbia  is 
formative  procfsf,  but  would  l<Mik  upon  it  in  much  the  same  light 
lliat  retrograde  condition  which  Flemming  has  studied  in  atrop 
of  fiat  cells  (No.  13.  Hi.  p.  f>C8  ;  and  No.  14,  vii  pp.  328,  371). 

Seeing,  therefore,  it  is  admitted  that  the  so-called  fixed  cells  of  tbo 
cornea  do  participate  in  the  suppuration,  the  whole  question  of  the 
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production  of  piia  from  them  rests  on  whether  the  parts  into  which 
the  nuclei  divide  become  in  course  uf  time  pus  corpuscles.  On  this 
point  Strieker  is  very  clear. 

Strieker's  Views. — ir,  he  says  (No.  31,  p.  274),  a  cat's  cornea  be  irritated  in  the 
litre  nith  a  ]ioiut  of  nitrate  of  silver  and  be  sabsoqaeutly  stained  with  silver,  the 
{virt  which  has  been  irritated,  when  examined  niicruscopically,  presents  no  reaction. 
The  outlines  of  the  network  of  cornea  coq)U!)clos  are  readily  seen  but  the  tiasae  ita«lf 
Udead. 

Totally  otherwiae  is  it  in  the  surroundings.  The  tissue  is  thickened,  the  cell 
network  therein  contained  is  swollen,  and  its  proceaaei  retracU'd  ;  the  ground  sub- 
ace  or  basis  of  the  cornea  between  the  corpuscles  is  reduced  in  bulk  ;  the  cell  net- 
has  split  into  small  pieces,  and  those  (lieces,  when  Bubseqaently  stained  with 
atozylene,  show  a  nucleus,  The  splitting  of  the  cell  network  occurs  at  a  very 
iy  stage  in  the  process.  He  has  found  it  three  hours  after  irritation,  and  after 
enty-four  to  forty -eight  hours  it  is  present  all  round  the  inflamed  area.  A  rvpre- 
(eotation  of  it  is  giren  in  Fig,  91,  e,  e.  He  would  thus  trace  the  formation  of  a  large 
Diunber  of  new  nucleated  colls  to  the  contraction  and  subsequent  segmentation  of  the 
fixed  c«ll  network.  The  parts  containing  tliesv  cells  need  only  to  undergo  dissolu- 
tion  In  order  to  constitute  an  abscess  sac.  The  swelling  of  the  cornea,  he  thinks,  is 
simply  the  expression  of  the  contraction  and  swelling  of  the  eor[nisclcs  contained  in 
it;  it  is  a  phenomenon  of  growth.  The  fluid,  which  he  admits  is  forced  into  the 
cornea,  may  also  cause  a  swelling;  not  a  hanl  abscess-like  nodule,  however,  but  a 
•oft  ccdematoua  infiltration. 

In  interpreting  these  appearances  he  starts  with  what  seems  to  the  anthor  to  be 
the  em:]neous  hy|)othesis  (p,  2SD)  that  the  lymph  canals  are  filled  with  cornea  cor- 
puscles, that  is  to  say  with  protoplasmic  bodies  in  the  same  way  that  a  han<l  fills  a 
glove.  A  cornea  which  has  been  bathed  in  a  weak  solution  of  gold,  and  afterwards 
in  silver,  furnishes  images  like  the  positive  and  negative  in  photography.  \V1iat 
Strieker  therefore  holds  by  n.i  the  interpretation  of  the  foregoing  facta  is  simply 
that  this  network  of  cells  or  corpuscles,  which  he  cunsiders  fills  the  phuma  spaces, 
eontrscts,  divides,  and  becomes  polynucleatcd,  each  segment  which  contains  a  nucleus 
.terming  a  pus  cell.  These  in  course  of  time  aggregate  into  masses,  and  when  the 
sae  softens,  are  thrown  out  with  the  ddbris  of  the  ground  substance  as  the  pus  cells 
r  tlie  discbarge.  In  course  of  time  the  network  is  entirely  broken  np.  He  does  not 
By  that  cells  wander  in  from  the  {Periphery,  and  that  these  may  be  coloured  aa 
Dhnheim  described  ;  but  what  he  holds  by  is  that  this  does  not  constitute  suppura- 
tive keratitis,  and  is  simply  a  result  of  the  increased  flow  of  lymph. 

The  points  that  one  would  like  to  be  clear  about  in  adopting 
Strieker's  views,  are  the  following  : — { 1 )  Are  the  plasma  canals  of  the 
cornea  Iine<l  with  endothelium  ?  (2)  Are  tlierc  in  addition  cells  within 
these  canals,  or  are  their  contents  simply  an  albuminoid  liquid  ?  (3) 
Are  there  colls  or  nuclei  u[K>n  the  bundles  of  fibrous  tissue  composing 
the  lamina}  of  the  cornea  1  If  there  arc  these  three  elements,  docs 
each  of  them  divide  to  form  pus  ?  Does,  for  instance,  the  endothelium, 
aich  composes  the  walls  of  the  canals,  divide,  or  is  it  simply  this  so- 
iled "  branched  coqiUNcle  "  contained  within  the  canal  ?  And,  lastly, 
wliat  is  the  fate  of  the  fusiform  nuclei  one  can  see  upon  the  bundles  of 
KbrouK  tissue  when  an  ordinary  gold  preparation  is  teased  out  1 

EndotheUum  is  in  abundance  in  the  very  comoa  (kitten)  which  he 
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has  found  most  suitable  in  eliciting  the  segmented  condition  of 
plasma  canals  (Fig.  91).     The  author  has  counted  as  many  as  thr 
or  four  nuclei  bc-ionging  to  a  corresponding  number  of  endotheli 
plates  in  a  single  stellate  space  (see  Fig.  85).     Alay  it  not  therefortil 
be,  just  as  we  find  in  ordinary  lymphangitis,  that  the  enilulMial  nuclei 
divide  to  forra  part  of  the  new  progeny,  and  that  the  liquid  (not  pro- 
toplasm) contained  irt  the  cauals  simply  escapes  ? 


^ 


/ 


PlO.  91.— ISnrXAHED  CORMCA,  Kmi.>  T  '>iAia.) 

^)Iaolai«d  aod  nudateJ  cell:  (6)  ■  group  of  audi  still  uethl&S  Of  th*  fiMp*  of  •] 

plaiM  CMUl :  (^  f)  pUama  cansU  breaking  lalo  frigmcuu ;  (rf)  Ui«  niirou  IxuU  of  tha  lamtUa  I 
tkt  crDond  (utwUiice. 

AUTHORS  CONCLUSIONS. 

184.  AJPt6r  Imlancing  all  the  facts  of  the  case,  the 
hittoiy  Mmu  in  brief  to  be  the  true  account  of  what  takaa  pUoa. 

Fixed  Tissues. — When  a  cornea  is  irritated  either  locally  or 
difTuaely  almost  one  of  the  first  things  that  seems  to  happen  is  «n  uk^j 
created  jluz  of  liquid  into  it.     This  is  jwurod  in  through  the 
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mI%  und  in  a  few  houra  comes  to  distend  thero.  The  auuds  cmse- 
wMllf  become  sieotlen,  one  of  the  first  phenomena  descriljed  by  Strieker. 
In  course  of  time,  however,  this  liquid  is  effused  in  such  quantity,  that, 
just  as  happens  when  it  is  infiltrated  under  the  endothelium  of  the 
peritoneum  or  the  epithelium  of  the  air  vesicles,  it  breaks  the  endoiMial 
plata  into  small  fragvienh  (see  Fig.  91,  c,  c).  A  large  number  of  the 
fragments  depicted  in  the  dividing  network  by  Strieker  contain  no 
nucleus.  Thej'  are  simply  dead  portions  of  an  endothelial  p!ate. 
They  are  small  and  irregularly  shajjed,  and  quite  difterent  from  the 
nucleated   masses  seen  Ij-ing  side  by  side  with   them.      It  naturally 


(' 


tut.  n. — lurLAMUb  CoBinu  or  Twxt  (Oold,  x  HO  Diami.) 

\  yitTmu  Umlme  fntcreroMlng,  witb  thdr  ooelel  Ijring  upon  tbem,  and  til  toon  or  lau  onlargcd 
I  pnmtamti ;  (i)  a  nacleiu  divided  Into  three ;  (c)  a  nuclriu  itlrhled  Into  a  Uttlr  nroup :  (d)  the 
» ^  tfaa  OBICT  Kme  of  IrrttaUon,  wbcn  rappaiatlon  in  coiDuicoctiig.    The  braiicJird  bodln  Men 
.  M  kal  Mrtlnljr  vanlilwd. 


38,  as  a  result  of  this  destruction  of  the  plasma  canals,  that  Ike 
li([uid  formerly  contained  in  the-rn  enaijies  between  two  lamimt  and  forces 
them  partly  aaundcr.  Thf  so-called  branching  cells  of  the  cornea,  being 
nothing  more  than  the  liquid  contained  in  the  plasma  spaces,  also  dit- 
offtar.  It  is  qaito  possible,  no  doubt,  that  there  may  be  lamina)  in 
vUeb  tbis  hu  not  occurred,  and  these  will  still  show  the  cell -like 
tMjftKi,  As  a  nutter  of  fact,  however,  the  branching  figures  between 
VOL.  I  S 
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the  laminae  which  are  conccrucd  in  the  active  changes,  that  iB  to  ur, 
in  the  outer  zone  of  irritation  round  the  slougli,  the  part  in  which 
pU8  will  shortly  appear,  have  vanished.  This  inu}  happen  in  a  few 
hours  if  the  infiltration  of  liijuid  has  been  copious. 

The  nuclei  of  these  destroyed  endothelial  plates  do  not,  how- 
ever, seem  to  perish,  but,  probably  oti  account  ol'  the  increase<l  supply 
of  liquid  pabulum  afforded  to  them,  begin  to  germinate,  and  in  this 
way  the  groups  of  new  cells  found  in  the  inflamed  cornea  of  tb« 
kitten  are  to  he  accounted  for. 

When  the  stellate  Hjiures  disappear  it  will  be  found  that  opposite 
where  each  existed  there  is  left  a  fusiform  nucleus,  sometimca  with 
a  twist  or  bend  upon  it.  These  are  simply  the  nuclei  of  the  bundkt 
of  fibrous  tissue  which  in  the  natural  gold  cornea  arc  seen  shining 
through  the  plasmatic  liquid,  and  which  are  usually  called  the  "  nuclei 
of  the  branching  cells."  They  are  beautifully  demonstrable  in 
intlamed  conica  of  the  frog.  If  the  irritation  is  continued  long  enouj 
they  begin  to  show  sympathetic  participation  in  the  process.  They 
divide  (Fig.  92  h  and  c)  at  fii'st  into  two,  and  subsequently  into 
great  many  oblong  or  rounded  masses,  and  these,  instead  of  degener 
as  Cohnheim  asserted,  begin  to  increase  in  dimensions,  and/i7rm  m  i 
of  time  xnuill  round  eelU  of  the  size  of  a  pus  corpuscle.  Th« 
which  this  process  can  best  be  traced  is  immediately  outside  U>o  rin^ 
of  suppuration  (Fig.  90,  o.z).  Here  the  enlargement  and  primat}* 
division  of  these  connective-tissue  nuclei  can  be  seen  to  jwrfection. 
but  within  the  ring  of  suppuration  the  division  has  gone  too  far  U> 
allow  us  to  perceive  how  the  resulting  cells  originate. 

As  the  bundles  of  fibrous  tissue  to  which  these  are  affixed  ran 
parallel,  it  consequently  hap{)ens  that  when  they  are  enlarging,  just 
previous  to  division  taking  place,  rows  of  these  bodies  cume  into 
view,  and  as  the  bundles  of  the  different  laminse  concerned  run  mone 
or  lesa  at  right  angles  to  each  other,  the  nuclear  bodies  also  appear  to 
intercross  (Fig.  92),  those  of  one  lamina  lying  obliquely  or  at  right 
angles  to  those  of  that  adjacent.  They  occupy  a  spindle-shaped  space, 
and  hence  what  has  been  called  a  spear- head -like  body  resalta. 
Very  soon  by  their  division  the  spear  head-like  bodies  vanish,  and  a 
little  depAt  of  young  cells  (c),  still  confined  in  the  same  spindle-shapvd 
space  but  now  distended  with  its  cellular  contents,  resultsi 

Blood-vessels. — Meanwhile,  along  with  the  afflux  of  fluid  froa 
the  sclerotic  vessels,  a  large  number  nf  lymph  c^rpuuitt  unui/Zy  beyiM  to 
wandtr  mwardt,  and  these  of  course  tend  to  acciunulate  in  the  part  of 
the  comoa  where  the  plasma  canals  have  been  broken  down,  namely, 
in  the  ring  of  inflammation  at  some  little  distance  from  the  centiid 
■lough. 

Here,  accordingly,  they  tend  to  mix  with  the  cells  derived  tnm 
thn  endotlielium  of  the  plasma  spaces  and  connective  tiaroe  of  the 
laminje. 

The  fibrous  tissue,  finally,  within  the  suppurating  area  m 
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account  of  the  disturbed  nutrition,  and  an  abscess  cavity  results  in 
which  the  cells  from  these  various  sources  are  intermingled. 

If  the  irritation  be  continued  for  a  still  longer  time  (t«n  days  or 
more),  a  fringe  of  vessels  arises  from  the  vascular  tissues  at  the  border 
and  is  pushed  into  the  cornea,  in  this  way  constituting  a  pantius. 

Sources  of  the  Pus. — The  author  would  therefore  plead  that 
the  pus  in  suppurating  keratitis  is  derived  from  two  sources,  namely, 
the  nucleated  tissues  of  the  part  and  the  blood-vessels  at  the 
periphery  ;  and  when  we  come  to  contrast  it  with  iin  intiammation  of 
ft  TMCular  part  like  the  mesentery  {Sect  176),  it  is  evident  that,  non- 
vascular though  the  cornea  be,  there  is  no  essential  difference  between 
what  occurs  when  it  is  over-stimulated  and  that  which  ensues  in  the 
above  membrane.  Both  are  made  up  of  the  same  elements,  with  the 
exception  of  the  blood-vessels,  but  in  t!ie  cornea  the  plasma  canals  are 
so  abundant  as  in  some  respects  to  take  their  place.  We  should  there- 
fore, a  priori,  expect  them  to  behave  in  a  similar  manner,  and  this 
•eems  to  l>e  actually  borne  out  by  the  facts. 

Cabtilage. 

185.  Hyaline  cartilage  seems  to  be  a  tissue  very  much  like  the 
cornea — at  any  rate  it  seems  to  be  built  u[)  on  the  same  type.  Thin 
(No.  9,  xvi  new  series,  and  No.  149,  1886),  by  a  special  method 
of  silvering,  has  shown  that  it  is  laminated  ;  and  the  basis  of  these 
Uminas  is  a  white  fibruiu  tissue.  If  articular  cartilage  be  examined 
in  the  neighbourhood  of  an  ulcerated  spot,  a  complete  separation 
of  these  fibres  and  its  reversion  to  an  ordinary  white  fibrous  tissue 
can  be  readily  made  out.  Kedfern  {No.  79)  showed  that  when 
articular  cartilage  is  stimulated  or  diseased  (see  also  Ogston,  No.  5, 
X.)  itfl  corpuscles  undergo  division  and  muUiplication.  The  phenome- 
non is  very  much  like  that  just  described  in  the  connective  tissue, 
nuclei  lying  on  the  bundles  of  fibres  in  the  cornea.  Weber  (No.  13, 
xiij.)  and  liarwell  (No.  127)  trace  the  formation  of  pus  to  these  new 
eellular  productions. 


Cardinal  Symptoms  of  I>fFijiMMATioN. 

1 86.  Those  are  descriWd  as  Pain,  Heat,  Redness,  and  S^VKU.INa. 

Tliat  the  pain  is  due  to  the  tension  of  the  port  caused  by  the 
effusion  of  inflammatory  products  into  it  is  demonstrated  by  the 
almost  instantaneous  relief  that  follows  from  the  making  of  an  incision 
into  the  affected  tissues. 

That  the  tcniperature  of  an  influtned  external  part  is  certainly 
luyhfr  than  the  ecrreipomliiuj  nornud  jkirt  on  the  opposite  side  of  the 
body  can  be  verified.  Thus  the  one  ear  of  a  rabbit  inttamod  by  croton 
oil  is  considerably  warmer  than  the  op|^>osite  (Jacobson,  No.  13,  li. ; 
Jacobmn  and  Bemhard,  No.  50,  1869,  p.  289;  Landien,  Na  142). 
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It  holds  equally  good,  however,  that  the  temperature  of  such  «a  iit'j 
flamed  peripheral  part  is  never  hujhirr  than  that  of  the  general  circultUi 
It  is  indeed  usually  considenibly  lower  than  the  temperature  for  in- 
stance within  the  rectum.  John  Hunter  (No.  143,  p.  293)  wia  the 
first  to  note  this  from  actual  observation  with  the  thermometer.  He 
Bays,  "  From  all  the  observationa  and  experiments  I  have  made,  I  do 
not  find  that  a  local  inflammation  can  increase  the  local  heat  abova 
the  natural  heat  of  the  animal,  and  when  in  parts  whose  natural  heat 
is  inferior  to  that  wliich  is  at  the  source  of  the  circulation,  it  does  not 
rise  80  high."  This  result  is  to  be  explained  probably  by  the  increased 
heat  being  almost  immediately  communicated  to  the  system  at  large, 
as  well  as  by  the  loss  sustained  by  radiation  from  a  peripheral  part. 
The  ultimate  effect  is  to  raise  the  general  temperature  of  the  body. 
The  experiments  of  Simon  (No.  52)  and  Weber  (No.  115,  L  Pt.  L 
p.  381),  seemed  to  show  that  the  temjterature  of  the  blood  str 
returning  from  an  inflamed  part  was  higher  than  that  of 
heart  Notwithstanding  the  care  with  which  these  experiments  were 
conducted,  subsequent  investigators  have  not  been  able  to  confirm 
them. 

The  redness  is  duo  to  the  increased  amount  of  blood  in  the  pari, 
and  the  swelling  to  the  infiltration  of  liquid  and  solid  exudation. 

LiUratun  on  Cardinal  Si/mptmiu  «/  li\H(imnutli<m. — CoatS  (Redneai) :  OUiy.  Med. 
Jonni.,  rii.  1875,  p.  274.  Estor  and  Saint-Pierre  (nt!dueM):  Com  pt.  rend.  8oc.  A. 
BioL,  L  18(}5,  p.  31 ;  alto,  Journ.  Ue  I'Aiut.  et  I'hyuol.,  1864,  L  403.  FriedUnder: 
Unteraucb.  ttb.  d.  Temp,  in  EnUunduiigBbenlen,  1878.  Schneider  (Heat) :  CfDlnibL 
r.  i\.  med.  Winenoch.,  vUL  1870,  p.  620.  Weber  <Heat) :  Dent  Klinilc..  xrL  18<t, 
pp.  413,  421. 

IjiUratitrt  on  TVnuc  OutngeM  in  In/Cammatwn. — Coanult  those  given  in  the  tazt,  tatd  : 
—Billroth  :  Wien.  med.  WochoKbr.,  uiv.  1874,  pp.  56I-:i89.  Comil  (MalUplimUM 
of  Cells  of  Bone-Harrow  in  I.):  Arch.  d(?  Physiol,  norm,  and  (>sth.,  x.  \Sli7,  {v  49> 
Coundlmaa  (Cornea):  Journ.  Phynlol.,  iii.  1880-81,  p.  76  ;  ai»o,  A  Oootrll>«U««  tg 
the  Study  of  Influnniation,  tie.,  1880.  Ewctxky  (Cartilo^) :  Untenoch  a.  iL  path. 
Institut.  (.  Zurich.  Heitzmann  :  AUg.  Wien.  med.  Ztng.,  xix.  1874,  |i.  1S3.  Jamw; 
Msd.  Timea  and  Oaz.,  i.  1867,  p.  31.  Knuis  (Epithelial  Oiaot  Celln) :  Arch.  L  p*th. 
Anat.,  xcv.  1884,  p.  249.  Scheltema :  Deut.  iiie<l.  WochoKbr.,  xiL  1886,  p.  <C1. 
SchottUnder  (DiWuion  of  I*jiilotlivl.  in  Inflamed  Cornea):  Arch.  f.  mik.  Anat,  xxxi. 
I887'8,  p.  426.  Shakespeare :  Med.  News  PhUa.,  x1.  1882,  p.  481  et  k^.  Weber 
(OtftUac«) :  Arch.  f.  path.  Anal.,  xiii  18U,  p.  74.  Wagtrt :  Dent  med.  WoebnaclH;. 
xU.  1886,  p.  482. 


Parenchymatous  Inflammation. 

187.  The  older  meaning  of  this  term  was  nn  infleunmation  t^  lk$ 
iuhUanu  of  an  organ  as  opposed  to  that  of  its  lining  mrmhrawx 

Virchow,  however  (No.  13,  iv.  1852,  p.  261),  gave  it  a  aomewe 
different  significance.  Ho  recognised,  for  instance,  that  when  a  mt 
is  in  a  state  of  parenchymatous  inflammation,  the  primitive  bandlM 
become  more  homogeneons,  their  striation  indi.itinct,  and  they  break 
down  more  easily  than  usual  Similarly,  when  the  kidney  is  the  seat 
of  it  the  epithelium  of  the  convoluted  tubules  becomes  swollen, 
granular,  or  ultimately  fatty.     In  these  cases,  he  says,  there  is  an 
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absence  of  exudation  ;  and  tho  tissue  elements  are  those  principally 
involved.  He  therefore  applied  the  name  to  indicate  an  iaflamma- 
tion  accompanied  by  these  tissue  changes  as  opposed  to  the  exudative 
forms  of  inflammation  met  with  under  other  circumstances. 

The  term,  nowadays,  has  almost  entirely  fallen  into  disuse.  We 
now  know  that  the  process  of  inflammation  in  any  part  never  has  the 
one-Bided  action  attributed  to  it  by  the  older  authors ;  and  that  the 
changes  in  the  tissues  constitute  simply  one  of  its  phenomena.  The 
only  sense  in  which  the  terra  is  still  applicable  is  when  employed  to 
indicate  a  superficial  catarrh;il  inflammatory  affection.  The  *'  paren- 
chymatous inflammation  of  the  kidney"  is  a  catarrhal  nephritis,"  and 
the  two  terms  are  constantly  employe<l  in  an  equivalent  sense.  It  is 
indeed  almost  the  only  disease  for  which  the  term  "  parenchymatous 
inflammation  "  is  stilt  retained 

->  Oentral  Literature  on  Jnjlammaiion. — Addison  :  The  Aetna]  Process  of  Nutrition, 
etc.,  1843  »nd  1845.  Alison:  Syst.  Pract.  .Vk-.l.,  ISIO.  Andral :  G.v.  d.  Hi'>p.,  ii. 
1840,  p.  102  e<  teq.  Balfour  (Ciitique):  Mwl.  Preiw  ami  C'irc,  iii.  1S(67.  Beale  : 
Mrd.  Times  and  Goz.,  \S6i>,  I  p.  693  tl  teq.  Bennett:  TreatUe  on  I.,  1844.  Bill- 
roth: Surg.  Path.,  N,  Syd.  Soc. ;  <U»o,  Volkmann'ii  Sammlmig  klin.  Varlriigp,  No.  4, 
1870.  Black :  A  Short  Inquiry  into  the  Circulation  of  the  Blood,  etc.,  1825.  Brunton  : 
Canada  Med.  Rec.,  Ix.  1880-81,  p.  60.  van  Buren :  Internat.  Encycl.  Siirg.  (Aah- 
bunit),  N.  T.  L  1881,  p.  65.  Chalvet:  Pliys.  luthologiqne  de  I'lnflamnjatioD,  1669. 
Comil  (Prodactiou  by  Jequirity) :  .Scmaioe  Med.,  Par.,  iv.  1884,  pp.  *29-37.  Council- 
man (Keratitis):  Jouni.  PbyHiol.  Caiub.,  iii.  1880-1,  p.  7*!.  Graves:  Load.  Med. 
Gai..  ixii.  1838,  pp.  630-559.  Giiterbock :  T)e  Pure  et  Oranulatione,  1837.  Hodg- 
Mm:  Eaiay  on  I.,  1829.  Hunter  (J.):  A  Treatise  on  the  Blood,  Inflamniatioii,  aiiil 
OuD-abot  Woandii,  1794.  Jones  {T.  W.)  :  Brit,  and  For.  .Med.  Rev.,  xvii.  1844,  p.  B67  ; 
Ibid.,  iTiii.  p.  255.  Kleba  :  Arch.  f.  exjwr.  Path.  n.  Pliar.,  iii.  1875,  p.  427-  Meckel : 
Ann.  deit  Charity,  iv.  18.^3,  p.  218.  MetschnikofT :  Quart.  Joarn.  Mic.  Sc,  xxiv. 
1884.  p.  112.  Paget:  l*<turen  on  I.,  Loml.  Mod.  Gaz.,  x.  1850,  p.  905  H  Kq. :  xi. 
p.  1  e(  seq.  Reinhardt  :  Path.  anat.  Untvrsuch.  1852,  p.  31.  Roldtansky:  Sittb. 
d.  Wien.  Akail.  1854.  Salomonsen  and  Dirckinck-Holmfeld  (Jequirity  Question) : 
Fartachr.  d.  M«d.,  ii.  1884,  p.  617.  Sanderson  (B.) :  Brit.  M*d.  Jouni.,  1882,  i.  p. 
<11  *t  «<f.  ;  alto.  Rep.  Med.  Otf.  IVivy  Council,  LoniL,  vi.  I!j75.  p.  69;  alto,  Med. 
Newi,  Lond.,  ii.  1882,  p.  76  et  aeq.  Shakespeare:  Med.  News,  Phil.,  iL  1882,  p. 
481  tt  fq.  Simon:  Holinea's  Syit  Surgery,  L  1870,  p.  2.  Strieker  (Tranal.) :  In- 
tamat.  Enrycl.  Surg.  (Ashurnt),  N.  Y.,  L  1881,  p.  1.  Thoma :  Berl.  kliu.  Wochnachr., 
niiL  l!<Ht!,  pp.  85103.  Thomson:  l.«:turea  oa  I.,  1813.  Travers:  Tho  Phyi.  of 
I.  and  the  Ueialing  Proceaa,  1844.  Valat :  De  I'Inflaniniution  counideree  oomme  alti^rant 
la  coh^lon  dea  tinnea,  1826.  Vtrchow :  Archiv.  f.  path.  Anat,  iv.  1852,  p.  281; 
Uandb.  d.  Spec  Path.,  p.  46.    Whittaker ;  LouiavUle  Med.  Newa,  zi.  1881,  p.  182. 
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188.  Definition. — We  have  seen  that  in  inflammation  a  i 
lation  of  cellular  and  other  products  tAkcs  place  in  the  1 
this  does 'not  constitute  suppuration.  The  cellular  material  thus 
generated  may  bo  put  to  a  useful  purpose  by  becomin;: 
organised.  The  name  literally  means  underljring 
pus  (ituh  and  pus),  and  as  yet  there  may  be  no  pu 
although  the  tissue  is  filled  with  cells.  So-called 
ha«  not  always  the  same  histological  composition  ;  for, 
while  the  usual  pus  cell  is  a  body  about  the  size  of 
a  leucocyte,  or  larger,  containing  from  one  to  six  or 
more  nuclei  (Vig.  93),  and  more  or  less  fatty,  the  calkj 
vary  in  appearance  according  to  the  locAlity.  Thus,  ii 
a  suppurative  peritonitis,  cells  twice  to  tJjrco  time* 
the  size  of  a  leucocyte  may  be  found  in  abundance,  while  in  a  catarrhal 
suppuration  the  cells,  in  great  part,  are  unlike  those  found  suy  in  a 
cellular  tissue  abscess  ;  and  in  the  pus  discharged  from  a  granulating 
surface  all  manner  of  cells  may  be  present  Hence  the  mere  occur- 
rence of  a  particular  cell  in  a  tissue  cannot  be  taken  as  a  basis  of  defi^ 
nition  ;  but  it  is  th»  teparation  from  the  organism  by  a  natmnl  proceu  < 
death  ami  degeneraiicn  of  such  iiiflammalory  products  as  have 
wiihin  U,  which  is  the  essential  point  Once  a  part  has  truly  i 
the  cells  concerned  in  the  process  are  of  no  further  use  for  organiaatio 
They  must  cither  be  absorbed,  evacuated,  or  dry  down  into  a  chewf 
amorphous  mass.  Not  only  the  inflammatory  products,  but  tlie 
in  which  thfy  are  eontairud,  frequently  die  and  are  discharged. 

Causes.— Seeing  that  mere  infiammalory  tffiuum  is,  therefore,  not 
mppurati&ru,  but  that  the  latter  implies  the  death  frequently  both  of  thtj 
tissue  and  its  contained  elements,  how  is  it  that  their  death  is  caused  f 
(I)  Nuiritiv*. — The  usual  theory  on  this  subject  is  that  the 
tummnding  twuriskmeni  is  inmffideni  to  support  the  mass  of  etfosion. 
It  cannot  be  doubted  that  this  must  (>c  a  very  common  causa. 
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(2)  Miero-Organisnial. — Another  factor,  however,  may  go  far  to 
explain  how  the  influinmatory  products  lose  their  jwwer  of  organisation 
and  break  down  to  constitute  an  abscess.  Billroth  (No.  90)  originally 
showed  that  acute  abscesses  contain  abundant  micrococci,  and  the 
matter  has  been  more  fully  gone  into  by  Ogaton  (No.  6,  Mar.  12, 
1881).  The  latter  finds  that  raicrococci  are  present  in  all  acute 
abscesses,  and  he  regards  acute  inflammation — so  acute  that  sup- 
puration is  present  or  imminent — as  always  due  to  these  organisms, 
save  in  exceptional  cases  where  a  burn  or  a  blister  may  have  been 
at  work.  Cornil  (No.  94,  1883,  p.  G73  ;  No.  40,  1883,  p.  1494; 
and  No.  4,  1884,  p.  317)  has  invariably  fountl  in  the  pus  of 
freshly  opened  abscesses  di])lococcu8  or  chains  of  micrococcus  in 
large  quantity. 

Of  late  a  number  of  researches  bearing  upon  this  subject  have  been 
made  on  the  Continent.  The  question  to  settle  is  in  how  far  the 
mere  application  of  an  irritant  is  capable  of  inducing  suppurutinn  apart 
from  the  occurrence  of  organisroal  contamination. 

Coancilmann  (No.  13,  xeLL  p.  217)  wm  the  first  to  employ  the  netliod  of 
introdanng  irritating  Ru))8tances  aubcataneously  in  Lcrmotically  Hcnled  ttibi-H,  and 
after  the  wonnd  had  healed  over  the  tube,  breaking  it  ami  allowing  the  contiiits  to 
eacape.  He  uied  a  mixture  of  1  pnrt  rroton  and  5  parts  olive  oil.  He  fouiul  that  a 
flactuating  abacess  resulted,  in  which  he  could  not  discover  any  micrococcus.  By 
replacing  the  aboTe  liquid  with  salt  aolution  no  nuppuratiou  followed,  and  he  cou- 
■eqaentlf  iuferred,  aa  Orthniann  and  othora  had  previously  demonstrateil,  that 
chemical  substancea  such  us  the  above  have  the  inherent  property  of  inducing 
pomlant  inflammation.  Tliis  he  holds,  however,  does  not  exclude  what  appears  to 
l>e  a  fact,  that  a  large  number  of  purulent  inflammations  in  Burgtrj  and  medicine 
are  due  to  infectious  cousei. 

Uskoff's  experiments  (So.  13,  Ixxxri.  p.  150)  and  those  of  Strausa  (Ko.  95,  No. 
iL  1884)  closely  correspond  in  their  general  bearing  with  the  foregoing.  Their 
rcaulta,  however,  do  not  appear  to  have  been  very  constant  With  turpentine,  for 
inat*ii(«i  they  sometimes  obtained  8nii|>umtion,  sometimes  not.  The  Utter  states 
that  piece*  of  elder  pith  and  cork  never  canse  suppuration  when  introduced  sab- 
cntaoeously  after  being  thoroughly  disinfected. 

Kletnperer's  resnlts,  however,  (No.  91,  x.  p.  158)  somewhat  differ  from  these. 
He  finds  tlist  the  introduction  nubcutancoualy  of  chemical  irritants,  such  as 
oil  of  mustard,  petroleum,  tur|>entiui<,  croton  oil,  and  quicksilver,  to  long  at  theM 
Aow  ftstn  tterilutd,  does  not  cause  suppnration,  be  they  ever  ao  strong.  They  were 
eonftned  in  sterile  glass  capeules,  and  the  only  effect  was  the  calling  forth  of  a 
(ibrinout  effusion  which  sarroonded  the  remains  of  the  capaule.  Similar  concln- 
■iona  have  been  arrived  at  by  Scbcuerlen  and  Fehleisen  (No.  92,  xzsii.  p.  600) :  and 
Sn|j«  (No.  93,  No.  xlviii.  188S),  ex|)orimenting  on  the  anterior  chamber  of  the  eye 
in  rmhbita,  found  that  substauces  of  this  kind  did  not  induce  destruction  of  tisane, 
hat  merely  a  tibrinous  elTitsion  without  the  presence  of  micrococcus.  The  latter  of 
thcaa  aaierta  that  such  powerful  irritants  induce  acute  inflammation  but  no  sup- 
ptiration,  and  that  micro-organisms  can  cause  suppuration  possibly  by  acting  chenii> 
eaUy.  Tlllmanm  (No.  13,  Ixxviii.  p.  452)  repeatedly  succeeded  in  introducing 
fdaoM  of  hardened  organs  into  the  abdominal  cavity  of  animals  without  occoaioning 
|<eritoniti«  when  strict  anlineptic  precautions  were  obsenrod. 

This  mattar,  it  will  therefore  Vh.-  (Mtreeived,  is  still  tub  judiu.     It  la  ctrtainly 
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very  qacstionable  whether  the  micrococci  found  in  abac««aea  an  Um  invamkl*  tmam 
of  the  inflammatory  effoaion  supporating,  or  whether  their  pptmice  is  in  uqr  «*y 
more  than  a  mere  coincidence.  Cbeync  ha«  shown  (Xo.  4,  Sept  1884,  p^  MS)  ikit 
in  a  conaiderable  number  of  caws  of  wounds  which  went  perfe^-tly  free  frou  piitwfci 
tion  and  which  were  healing  without  any  complication,  microcooem  w«a  {mani  la 
the  aeroua  diachaige.  He  explaina  their  not  exerting  deleterious  reaolta  by  tba  tmt 
that  they  belonged  to  a  barmloaa  rariety. 

The  organisms  usually  met  with  in  connection  with  Buppnrmtioo  ht 
staphylococcus  pyogenes  aureus  and  albus.  The}-  are  foond 
in  acute  unopened  abaceases.  Streptococcus  pyogenes  is  alio 
commonly  present  together  with  mivnj'  more  which  may  or  may  not  he 
directly  related  to  suppuration.  The  whole  subject,  however,  is  treated 
at  length  in  %'ol.  ii.  under  I'egdabU  ParasiUs,  to  which  the  mAet  it 
referred  for  further  information. 

Proliferation  of  Leucocytes, — Do  the  effused  leucocytn  m  a 
suppurating  piirt  pn/liffrittc  after  having  passed  the  wall  of  the  re 
An  afiirmative  answer  to  this  was  long  strenuously  opposed, 
seem  good  grounds  for  believing,  however,  from  later  researchea, 
if  properly  nourished,  they  may  divide,  and  thus  add  to  the  naa  at 
accumulated  effusion.  It  seems  very  likely  that  in  croupous  pMi>> 
monia,  for  instance,  a  large  number  of  the  white  cells  in  the  air  Twkki 
are  thus  to  Ik;  accounted  for. 

Catarrhal  Suppuration. — See  Bronchitis,  Gonorrhoea,  etc. 

MrUwiU  of  Exaniining  Pus. — (1)  Make  an  ordinary  slide  and  i 
glaas  preparation. 

(2)  Examine  a  drop  of  pus  taken  from  a  cavity  or  wound,  or  itill 
better,  from  the  peritoneal  cavity  while  warm  on  the  warm  stage  (G 
59). 

(3)  Add  dilute  acetic  acid  (1  to  3  or  4)  to  the  side  of  a  alid* 
corer-glass  preparation. 

(4)  Drj'  a  thin  61m  of  pus  on  a  cover-slip  in  the  air  or  in  a  w 
chani)>er.     Draw  it  three  times  through  the  fiamo  of  a  spirit  latn]!,'' 
and  immediutcly  af Usrwards  put  a  drop  of  gentian  violet  solution  <  \ 
per  cent  in  water)  on  it.     Leave  the  dye  on  the  cover  for  about 
minute,  but  not  longer,  and  rapidly  wash  it  off  in  water.     Dry 
cover  and  mount  in  Canada  balttam  ur  dammar  lac. 

This  makes  a  beautiful  permanent  preparation  of  the  pas 
their  nuclei,  and  any  micro-organisms  which  may  be  present. 

LiUraturr  im  Suppuration, — Cooitnlt  the  larioiu  text-booka  on 
PMb.,  and  :— Apolant :   Arch.   f.    path.   AnaL,  Ux.   1871  P-  8M. 
Prmi  and  Cirr..  ixitU.    1884,  p.  863.     Brewinc^  (Chemical  Initairtx) :  Diu.. 
1884.     Cheyne  (Rf[iort):  Brit.  Med.  Jonru.,   1884,  ii.   p.   6&S.     Cohnheim: 
Newi^  Pblla^  <1.   188!t,  p.  02.     DUcoMioii  on  Or>pui!iiini,  WouDdi^  and  In 
TraaMdatlM*,  Ut««.  hmL  Oou.,  Lond.,  I.  iRitl,  y.  323.    Fehleiacn :  DMit  3 
t   Oktr.,   %ii,   1880,   p.    583.     Praenkel :  Oiariii  Annal.,    1885.   p    20A      Firifel 
Rtudlrn  ul>  RiteninK  u.  EnUundiing,  1883.     Garri :  ForlKhr.  d.    ^'  -^^1 

I4S.     GostJin^;  Rnt.   Me>).  Jouni.,   18^0,  i.  |>.  112;  a/^.  Med.-CI 
Ixli.  188(S,  p.  Ii<3.     Grawits  and  De  Baiy :  Airh.  f.  path.  MM.,  cvm.  l»»;.j 
Jeancon:  Kanu*  cuy  Mt<L  U«c,  iii.  \nm,  p.  I6:i.    Klempcrer  (lUUtioa  »t 
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Oitmniams  to  a) :  Ztschr.  f.  klin.  Med.,  z.  p.  158.  Lister:  Wi«n.  med.  Bl.,  iv.  ISSI. 
p.  1386  tt  leij.  Nepveu:  Cong,  franc,  de  Chir.,  Proc.-verb.,  i  1886,  p.  96.  Orth- 
mann  (Causes) :  Arcb.  f.  |iBt)i.  Aont,  xc.  18S2,  p.  549.  Passet :  Kortschr.  c1.  Mrd., 
iij.  1886,  pp.  33,  68.  Ringer  :  Lancet,  1888,  i.  p.  107.  Ruijs  :  Deut  me.!.  Wochnsclir., 
sL  1885,  p.  226.  Scheuerlen  (Chemical  Irritanto)  :  Laugenbeck's  Arch.,  xxxii.  p. 
600 ;  0^  (Further  Researches),  Arch.  f.  klin.  Chir.,  zxxvi.  1887,  p.  9-25.  Schippers  : 
OaMhiedkundig   oversight    d.     voornamstu    thooricn    over    OQntekiug    en    ottervorroig, 

1880.  Soon:  Cong,  franc,  de  Chir.,  Proc.-verb.,  i.  1885,  pp.103,  251;  Rev.  d. 
ChirurB,,  v.  1886,  p.  363.  Strauss  :  Compt.  rend.  8oc.  tl.  Biol.,  iv.  1883,  p.  661. 
Strieker:  Wien.  mwl  Bl.,  v.  1882,  pp.  H99,  1531.  Thoma  :  Berl.  klin.  Wochnschr., 
iiiiL  1886,  pp.  85,  103;  aif«,  Dan  ProHera  d.  EntrUml,  1886.  Tricomi :  Micro- 
oiguusmi  della  suppurazione.  1886.  Uskoff  (Doex  Suppuration  exiKt  without  Micro. 
oiiganUms  I) :  Arch.  f.  path.  Anat.,  IxxxW.  1881,  p.  150.  Vemeuil  (Orange  Colour  of 
Pus) :  Arch.  gtn.  de  mtil.,  cilvi.  1880,  p.  641.  Virchow  :  Arch.  f.  path.  Anat.,  xiiv. 
1862,  p.  205.  Vogel:  I'eb.  Eiter,  Eiternng,  etc.,  1838.  Wagner  (Good  Review): 
Schmidt'*  Jahrb,,  cci.  1880,  ii.  177.  Zabn :  Zar  Lehns  v.  d.  Eiilzuud.  u.  Eiterung, 
1871. 

Literature  on  Organitms  qf  Wovmdi  and  Suppuration. — Cameron  :  Microlieji  in  Per- 
mentation,  Putre taction,  and  Disease,  1881.  Cheyne  (Micrococci  in  Wounds,  etc.) : 
Brit.  Med.  J.,  18S4,  ii.  p.  553 ;  (Suppuration  and  Septic  Diseasiei!)  /bid.,  1888, 
L  pp.  404,  452,  624.  Cohnheim  (Infuctious  Cannes  of  InHamiuatiun) :  tied.  News, 
PhlU.,  xl.  1882,  p.  62  ;  (Discusiiion  on  Relatinns  of  Minute  Organisms  to  Woanils) 
Tnuu.  Intern.  M.  Cong.,  1881,  i.  p.  311.  Ernst  (a  New  Bacillns  of  Blue  Pus): 
Ztadir.  f.  Hyg.,  1877,  ii.  p.  309.  Fehleisen  (luuculation  with  Abscem  Membrane  and 
Fnngons  Joints);  Deut.  Ztichr.  f.  C'hirurg.,  xv.  1881,  p.  184  ;  also  (Etiology),  Arch. 
f.  klin.  Chir.,  xxivi.  1887,  p.  960.  Grawitz  and  de  Baiy :  Arch.  f.  path.  Anat., 
eriii.,  1S87,  p.  67.  Hadelich  :  Ueb.  d.  Form  u.  Urbmenverhiiltnisiic  d.  Staphylococcus 
PTogWMt  anreax,  1887.     Korsley  (Septic  Bacteria) :  Rep.  Me<l.  Off,  I^ocal  Gov.  Bo«r<l, 

1881,  p.  239  ;  (Organisms  of  Wounds,  etc.)  Proc.  Roy.  Med.  an<l  (liir.  Soc,  ii.  1882, 
p.  167.  Klebs :  Beitrage  z.  Anat  d.  Schu-iswunden,  1878.  Klein  (Pathogeny  of 
Iteptic  Bacteria):  Rep.  Hed.  Off.  Local  Gov.  Boanl,  Suppl.,  1882,  p.  201  ;  Ibid.,  1883, 
p.  133;  (Relations  of  Septic  to  Pathogenic  Organisms)  Jbid.,  xiii.  1884,  p.  133. 
Koch  :  L'ob.  d.  Aetiologie  d.  Wundinfectionakrankheiten,  1878.  Liibbert :  Biologische 
Spalt|>ilxuutcriiuchnng.  Der  Staphylococcus  p.  aureus  n.  d.  Osteomyelitis-coccus,  1886. 
Ogston  (Micrococcus  PoiKOning) :  J.  Anat  and  Physiol.,  zvi.  1881-2,  p.  526;  xviL 
1883,  p.  24.  Passet  (Microorganisms  of  Suppuration):  Fortschr.  J.  Med,,  iii,  1886, 
ppw  33,  68.  Wagner  (New  Contributionii  to  Cause  of  Suppuration) :  Schmidt's  Jahrb. 
OCX.  1886,  p.  177. 


Fate  of  the  Inflammatory  Effusion. 

189.  (1)  Absorption. — The  liquid  efiPused  in  inflnmmation,  as 
proTed  by  Lamar's  and  other  experiments  (No.  13,  !xix.  p.  516,  1877), 
is  removed  in  great  part^  if  not  entirely,  by  the  lymphutit-s.  It 
often  enough  happens,  however,  that  the  cellular  exudation  is  also 
^Morbed.  Even  after  suppuration  has  occurred  it  m.iy  happen  that 
tbe  abscess  is  thus  removed  along  with  the  broken-down  tissue  of  the 
part.  The  greater  hulk  of  the  celhdar  effusion,  often  amounting  to 
several  pounds,  may  be  absorbed  iu  a  few  days.  How  is  this  accom- 
plished 1 

There  are  several  {wssilnlities — («)  The  cells  may  be  removed  by 
the  lymphatics  directly  without  suffering  any  retrograde  transforma- 
tion ;  (b)  they  may  similarly  be  removed  by  the  blood-vessels  of  the 
part;  (e)  they  may  first  suffer  disintegration,  and,  after  falling  to 
pieces,  bo  removed  by  the  above  channels ;  or  (</)  the  dead  cells  may 
be  devoured  by  the  living. 

In  regard  to  the  first  of  these  methods,  it  is  only  to  bo  supposed, 
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M  the  cells  find  their  way  into  the  plasma  spaces  when  thej  u%i 
eftised  into  tlie  tissue,  that  they  should  in  course  of  time  be 
ferred  to  the  lymphatic  vessels.  A  similar  conjecture  as 
their  being  carried  oflf  by  the  veins  when  the  circulation  becom< 
brisker  ia  supported  by  the  fact  that  largo  bodies,  such  as  the  pigment 
corpuscles  of  the  frog's  web,  have  been  seen  to  enter  a  vessel.  SatjoUi 
(No.  50,  Nos.  X.  and  xi.  1870)  noticed  this  in  the  frog's  web  when  the 
part  was  acted  on  by  eollcHlion,  Bulphuric  and  acetic  acids,  etc 
the  subsequent  history  of  sut^h  absorbed  inflammatory  cells  is,  rei 
unknown. 

It  much  more  frequently  happens,  however,  that   the  exudatioa 
disinteg^rates    before   these    various    channels  carry  it  off 
emulsion  is  formed  out  of  the  oil  globules  resulting  from  the  fj 
tranaformation  in  which  are  also  suspended  fine  particles  of  aibuminoi 
debris,  and  this  apparently  can  bo  readily  absorbed.     The  proooM 
Well  illustrated  in  the  resorptive  stage  of  croupous  pneumonia. 

PhagoqiU  Tlititry. — There  remains  another  possible  method  of 
sorption  which  is  fast  gaining  adherents,  and  on  the  subject  of  which 
more  light  is  now  being  thrown,  namely,  that  by  which  the  living  cells 
round  about  the  suppurating  part  carry  off  and  absorb  the  dead. 
Lister  formerly  accounted  for  the  absorption  of  cat  g^t  in  a  tiasoe 
this  theory,  and  the  obs<'rvation8  of  Metachnikoff  seem  to  lend 
support  to  it  (Consult  No.  96,  Nos.  xxvii  and  xxix.  1884  ;  No.  IS, 
xcvi.  p.  177  J  Idem,  xcvii  p,  502;  Idem,  cviL  p,  209;  /(i«m,  dx.  p. 
176;  No.  97,  T.  V.  H.  2,  p.  1  +  1-168;  and  No.  98,  Na  xviii.  p.  560- 
565,  1883). 

It  has  long  been  a  matter  of  mystery  how  tfie  larval  batrachian 
tail  becomes  absorbed.  Metschnikoff  explains  it  on  the  ba^ii  that 
from  the  timn  when  the  absorption  commences  one  can  ohearre  aa 
immense  numljer  of  amoeboid  cells  in  and  around  the  part,  in  wboM 
interior  are  pieces  of  recognisable  tissue  such  as  nerve  fibre  and  primi- 
tive muscular  fibres.  These  have  been  intussuscepted  by  the  cells  send* 
ing  out  amceboid  processes.  He  calls  such  tissue -devouring  cells  I 
phag^ocytes.  He  believes  that  the  satiated  phagocytes  enter  the 
al>d<>n)inal  cavity  before  gaining  admission  to  the  lymph  and  blood- 
vessels. The  pieces  of  ti.ssue  are  evidently  digested  in  the  protoplasm 
of  the  cells.     The  g^Us  are  probably  removed  by  the  same  means. 

Another  rdle  in  which  they  probably  take  an  active  part  is  in  the 
intussusception  and  digestion  of  micro-org^anisms  circulating 
in  the  blood.     He  noticed  that  in  a  paraAitical  disease  to  which  daphnia] 
is  subject  the  phagocytes  seized  upon  the  parasite.';  when  they  weraf 
not  too  abundant  and  removed  them.     When  anthrax  bacilli  aro' 
introduced  into  the  circulation  of  cold-blooded  animals,  and  as  ulif^crved 
more   lately   in    the   case   of  the   organisms   of  erysipelas,  the 
leucocytes  show  a  similar  devouring  yiropensity ;  and  hence  Metschni- 
koff  regards  them  as  subserving  a  useful  purpose  in  the  economy  of  the 
blood  by  removing  noxious  particulate  matter  from  it. 
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If  this  1)6  so,  and  there  seems  good  reason  to  believe  that  amoeboid 
cells  of  almost  any  kind  have  this  property,  it  might  account  for  the 
absorption  of  the  dead  tissues  in  an  intlaniniatory  area,  and  more- 
over might  exjilain  why  a  g^ranulating  surface,  that  is  to  say  one 
covered  with  amteboid  cells,  is  less  dangerous  as  a  source  of  septic 
contamination  than  a  frcshly-madv  wound. 

As  bearing  ujwn  this,  Lister  (No.  59,  November  19  and  26,  1881, 
pp.  863,  901)  has  shown  that  a  blood  clot  etfusod  into  a  wound, 
which  is  filling  with  embrj'onic  organising  elements,  has  little  tendency 
to  putrefy. 

(2)  Caseation. — Inflammatory  efTusiona  in  persons  with  a  stnimoua 
habit  of  body  have  a  great  tendency  after  suppurating  to  dry  and 
caseatf.     Such  may  become  fertile  sources  of  tuberculosis. 

(3)  Organisation. — (See  chapters  on  Healing.) 

LitenUuTt  on  Phtfffocyte  Theory. — Davis  :  Jnnm.  Am.  Med,  Assoc,  Chicago,  T.  1886, 
|i  421.  Hess:  Arcfa.  f.  path.  Anat,  cix.  1887,  t>.  Seii ;  IhUl.,  ex.  1887,  p.  313. 
MetschnikoCr  (we  work*  cited  in  text,  Sect.  189^.  ScbAfer  (Digestive  Capabilities  of 
Leucocjtca)  :  Brit.  Med.  Journ.,  1882.  ii.  p.  573. 


CHArTER    XVII 

HEALING  OF  WOUNDS  AND  ORGANISATION 

190.  In  his  lectures  on  Surgical  Pathology,  Sir  James  Paget  describes 
five  methods  by  which  wounds  heal,  namely,  (1)  by  immediate  union; 
(2)  by  primary  adhesion  ;  (3)  by  granulation ;  (4)  by  secondary  adhesion 
or  the  union  of  granulations  ;  and  (5)  by  healing  under  a  scab.  From 
the  clinical  8t4indpoint  this  is  perfectly  true,  but  when  we  come 
analyse  the  process  more  closely,  it  will  be  found  that  all  wounds 
in  essentially  the  same  manner,  namely,  bi/  the  (jrowth  and  oryam* 
of  new  tissue  from  corresponding  old  tissues  already  present  in  the  put* 
The  whole  process  is,  strictly  speaking,  one  of  grmoth  follouitd  hf 
OTffanisation,  and  any  differences  which  wounds  present  in  bringing 
this  to  a  successful  issue  are  merely  superficial  They  may  be  r^arded 
simply  as  modifications  of  the  process  in  its  natural  simplicity  due  to 
certain  local  causes. 

L  Hkalino  by  Immkdiatk  Union. 

191.  It  is  a  fact  familiar  to  every  one  that  a  clean-cut  wound  made 
into  a  part  such  as  the  finger,  if  kept  free  from  organismal  contamina- 
tion, and  if  pressure  bo  immediately  ajiplird  to  its  edges,  will  be  found 
adherent  in  twenty-four  hours,  and  within  a  day  or  two,  organic  union 
is  apparently  completed. 

If  such  a  wound  be  examined  in  about  forty -eight  hours  after 
its  infliction,  the  only  reactionary  change  will  be  seen  to  con- 
sist in  this,  that  the  fibrous  tissues  and  epithelium  on  cither  side 
have  thrown  out  a  few  now  cells,  and  that  these  cover  its  interior  and 
aurfacc  respectively.  The  new  epitheliul  cells  resemble  those  of  th« 
nite  Malpighii.  while  the  new  connective -tissue  colls  are  usually  at 
first  larger  than  a  leucocyte.  The  former  have  been  derived  fntra  the 
old  epidermis,  the  latter  from  the  neighbouring  connective*tissue 
corpuscles.  It  is  only  those  cells,  however,  which  lie  on  the  edg<e 
of  the  wound  that  have  been  drawn  upon  for  this  new  supply  of  tissue. 
The  parts  beyond  are  quite  unaltered. 
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There  is  no  blood  clot  in  the  wound,  usually  no  fibrin,  nothing 
but  a  little  granular  albuminous  materia],  which,  when  it  dries  un  the 
surface,  is  the  means  of  closing  the  wound  at  first  hand. 

If  such  a  wound  be  examined  a  few  days  afterwards  it  will  bo 
found  that  the  divided  edges  of  the  epidermis  have  grown  together  and 
have  rendered  the  closure  complete,  wliile  the  young  connective  tissue 
elements  or  fibroblasts,  deeper  down,  have  united  from  each  side  into 
one  continuous  layer  which  is  so  delicate  as  to  be  hardly  perceptible 
to  the  naked  eye,  and  which,  in  course  of  time,  can  sometimes  bo 
traced  with  difficulty  even  microscopicaliy.  In  from  ten  days  to  a  fort- 
night, the  round -cell  character  of  this  layer  interposed  between  the 
8evere<l  edges  has  Vwcome  altered.  The  most  of  its  cells  have  either  a 
spindle  shape,  or  have  been  transformed  into  fibrous  tissue.' 

Summari/. — The  Mound  has  healed,  and  this  is  the  type  of  healing 
in  all  wounds.  It  essentially  consists  in  a  (/rowing  together  of  the  two 
edges  by  the  production  of  the  requisite  materials  from  the  old  tissues 
of  the  part.  No  blood  clot  has  been  interposed  between  the  edges, 
vascular  distension  and  effusion  of  blood  products  have  been  prevented, 
and  all  sources  of  irritation  have  been  removed.  Under  such  circum- 
stances, for  some,  unknown  reason,  the  severed  edges  tend  to  ffrow  together. 

The  unusual  rapidity  noticed  in  the  healing  of  such  a  wound  is  more 
apparent  than  real,  and  is  due  to  the  coalescence  of  the  epithelial  siu"- 
faces  a  few  hours  after  the  wound  has  been  made.  The  underlying 
parts  do  not  organise  any  quicker  than  in  other  circumstances,  it  being 
always  liome  in  mind,  however,  that  the  quanlity  of  material  to  be 
0T;gani8ed  is  less  than  in  any  other  kind  of  wound. 

LUenUurt  of  Hraling  by  ImmfdiaU  Union.  —  Hamilton  (F.  H.):  The  art  of 
Primirr  Union.  188(J.  Maurel :  BuU.  Gin.  d.  Tliernpic,  m.  1885,  \>.  121.  Pech : 
Da  la  RtUDioii  linraMiale,  18M4.  Rushmore  :  Proc.  Med.  Hoc.  County  Kings,  Brooklyn, 
tL  1881-2.  }i.  '2&1.  Tourron  :  Dei  Flaies  non  nnghatea,  leur  rt'uniou  immediate, 
Vemeuil :  Trans.  InUruat.  Med.  Cong.,  Load.,  U.  1881,  p.  863. 


II.  Healing  by  the  Fiiist  Intention. 

192.  Phenomena. — Where  the  wound  is  not  so  accurately  ad- 
jnitod  M  in  the  foregoing  and  where  it  is  impossible  to  compress  the 
edges  80  thoroughly,  but  where  ]nitrefaction  and  sui)puration  are 
excluded,  healing  takes  place  by  the  first  intention.  There  is  no 
material  difference  between  this  and  the  foregoing.  A  little 
lymph  or  blood  clot  is  usually  interposed  between  the  cut  surfaces 
which  slightly  hinders  the  union,  and  the  cicatrix  is  also  somewhat 
broa<lcr,  although  still  linear  in  character. 

If  the  surfaces  of  such  a  wound  be  examined  in  from  tight  to  ten 

houn  afl«r  the  infliction  of  the  injury,  they  will  be  found  to  be  covered 

by  a  glossy,  sticky  liquid.     It  may  be  in  such  quantity  that  it 

the  dressings.     It  consists  of  a  more  or  less  plasmatic  transudate 

M  It  BMil  lianlly  b«  mentioned  thnt  tha  old  idea  of  each  divided  cell  anil  fibre  being 
ht  into  >uc)i  accurate  ajiiioaition  that  they  o^n  coalMce  it  utterly  uateoable. 


270 


HE  A  LINO  OF  WOUNDS  AND  ORGANISATION 


which  has  escaped  from  the  divided  lymph  spaces  and  blood-veasela" 
If  it  dries  on  the  surface  of  the  wound,  the  albnmin  contained  in  it 
causes  tho  edges  to  adhere  mechanically ;  and  if  fibrin,  the  elements 
of  which  it  often  contains  in  ahumiautu,  he  precipitated  from  it  in 
the  de])thB  of  the  wound,  this  also  tends  to  mechanically  unite  the 
surfaces.  If  there  should  he  any  blood  clot  in  tho  wound,  it  may  in 
a  manner  also  aid  in  holding  the  surfaces  together. 

If  the  surfaces  bo  again  examined  in  from  twenty-four  to  tkirfyMS 
hours,  the  glazed  appearance  will  be  found  to  have  vanished,  and  it  will 
bo  noticed  that  they  have  now  become  coated  with  a  dull  g^asrish 
coloured  film. 
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Flo,  M.— Hbauso  ar  Fimn  IsmrrioK.     E»ir  or  a  Wut;iii>  rooB  luin  4iT(a  m  I 

{A)  FW  otUi  with  oellnUreffOileii  bstwwo  thrni ;  (ft)  nigt  of  Kvtnd  Uaoa ;  (0)Tail>h  < 
beoomiBg  (UapUeed  bjr  Uw  uuU  roiUhl  e«Ua  iinilxrn>-siJi  (Pirro-oarmliM  uwt  l^miiU'  I 


MitroseoptcaUy  tjcamintd  tliis  film  consists  of  1yni|)h  corpuscles — t 
corpuscles  of  the  lymph  which  has  escaped  from  tlie  divided  iymil 
•paeea  and  blood-ve&sela  These  lie  in  a  granular  alburainoui  deposit 
of  precipitated  albnmin,  or,  in  some  places,  imbedded  in  fibrin  thrown 
down  from  the  lymjiL 

If  the  two  lymph-coated  surfacea  1)e  now  placed  in  accurate  spposi* 
tion,  and  if  external  sources  of  irritation  be  avoided,  a  lemponrjf 
adhttion  taket  jdau  in  from  forty-tighi  haurs  to  Ihrtr  dnys ;  and  in  from 
Un  dagt  to  three  weeks  or  a  month  a  permanent  cicatrix  has  restored 
tho  union.     How  Ib  this  accomplished  t 
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Their  Explanation. — The  lymph  which  is  effused  on  the  sur- 
faces simply  subserves  a  temporary  purpose.  The  wound  would  heal 
quicker  without  it  if  accurately  adjusted.  It  must  be  got  rid  of  before 
the  permanent  union  can  take  jilace. 

This  very  soon  hapjK'na  ;  the  lymph  corpuscles  become  fatty  and 
disintegrate,  and  the  fibrinous  network,  should  such  be  present^  falls 
to  piecos  and  is  absorbed.  A  similar  fate  overtakes  any  blood  dot 
which  may  have  been  left.  These  are  all  unorganisable  foreign 
bodies,  and  must  be  got  rid  of  before  the  advent  of  true  organisation 
is  possible. 

From  the  immediate  edge  of  the  wound  there  grows  inwards  a  layer 
of  fibroblasts  derived  from  the  divided  connective  tissues  (Fig.  94). 
The  muscular  fibres  appear  to  furnish  very  few  of  these  new  elements. 
Muscular  fibre,  according  to  Zahn  (No.  1 3,  xcv.  1884,  p.  369)  regenerates 
with  difficulty  even  in  the  foetus.  The  bundles  of  fibrous  tissue 
at  the  immediate  edge  of  the  wound  arc  seen  to  Ije  all  actively  pro- 
liferating. The  nuclei  of  their  corpuscles  are  in  a  state  of  active 
multiplication.  The  new  cells  thus  formed  rapidly  accumulate  around 
them  a  cell  body,  and  are  removed  from  the  bundle.  They  then 
wander  inwartls  towards  the  free  surface  of  the  wound.  The  fibrous 
tissue  from  which  these  have  originated,  especially  if  it  has  been 
divided,  speedily  swells,  becomes  homogeneous,  and  is  apparently  ab- 
sorbed. 

The  divided  muscular  fibres  similarly  swell  and  undergo  a, 
colloid-like  transformation  l^efore  being  absorbed,  so  that  in  course  of 
time  the  severed  tissues  present,  on  cither  side  of  the  incision,  a  clean 
appearance,  and  are  now  covered  by  a  layer  of  young  growing  cvnnedive 
lisme  elements. 

As  these  spread  further  and  further  into  the  cavity  of  the  wound 
they  successively  replace,  the  Jihriu  wr  blood-clot  wliich  may  bo  present  in 
it,  and  finally  they  meet  in  the  middle  line  and  coalesce. 

Tht  Blood-vessfls. — Meanwhile  there  has  been  no  unusual  vascular 
distension.  The  author  lias  been  quite  unable  to  see  anything  like  the 
diagrammatic  figures  of  distended  vessi-ls  in  the  edge  of  the  wound  given 
by  Billroth  (No.  33).  Such,  if  they  did  exist,  would  certainly  prevent 
the  wound  from  healing  by  the  first  intention.  It  is  well  known  that 
parts  like  the  linea  alba  of  the  abdominal  wall  heal  more  readily  than 
thoae  which  are  poaaessed  of  many  vessels.  The  only  visible  change 
in  the  divided  vessels  is,  that  they  become  plugged  with  a  fibrinous 
clot,  while  the  surrounding  capillaries  show  little  increased  vas- 
cularity. Even  in  the  young  cicatrix  there  are  few  vessels  to  be  seen, 
»  capillary  twig  here  and  there  being  all  that  is  recognisable.  There 
is  no  such  vascularity  as  that  of  a  granulating  surface.  The  vessels 
found  in  the  newly  generated  tissue  are  evidently  merely  sufficient 
to  preserve  its  nourishment. 

Tht  Cicatrit. — In  the  course  of  ten  days  the  majority  of  the  new 
cells  have  become  converted  into  spindles,  and  in  three  weeks  to  a 
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yint,  and  the  author'ii  experience  coincides  with  theini.  Tho  spindles  axsiiine  a  more 
And  more  attrnuatod  cliaracter  ;  their  tapering  ends  become  ]vile  nnd  eridcntly 
undergo  aoine  trausforDiation  by  which  they  uru  converted  into  a  structureleaa 
«uh*tance.  This  S|>lit9  longwise  into  tho  (ibriU  of  the  Tuturo  bundle,  while  the 
original  nncloUK,  with  ap]>arently  n  little  ufthe  body  of  the  cell,  remains  flatly  adherent 
to  the  handle  as  its  connective-tissue  caq^miole. 

Ziegler  (Ax*,  eit.),  and  Tillmanns  {loe.  eii.),  although  coinciding  in  thia  luothod 
of  formation  of  coiine«tive-tissne  fibrcjt  from  cells,  trace  the  origin  of  at  least  part 
of  theae  cells  to  leucocytes  escaped  from  the  vcasela,  the  latter,  exclusively,  to  this 
•onrosu  It  is  a  remarkable  fact  jioiiited  out  by  Vircliow  that  since  the  discovery 
of  diapederia  nearly  every  round  cell  lying  in  the  tissues  has  been  called  n  leucoc3rte. 
How,  for  instance,  Tillmanns  can  call  the  cells  he  depicts  (quite  accurately)  in  Fig. 
10,  pL  ix.  (loc.  cit.),  UncoajUJi,  the  author  cannot  conceive. 

Cohuheim  (No.  31,  i.  p.  29),  in  writing  on  urgaiiisation  of  inllammatory  pro- 
dncta,  stated  that  it  U  certain  that  all  development  of  cicatricial  tissues  is  de[iendent 
npon  Urge  epithelioid  cells  (fibroblasts  f).  The  more  rounded  of  them,  by  virtue  of 
their  sending  out  processes,  become  spindle  nnJ  stellate  inshafn-.  The  proceaaea  grow 
and  become  further  metamorphosed,  chiefly  in  thitt  they  sj>lit  and  are  so  conrerted 
into  fine  fibres  and  fibrils.  From  each  end  of  a  NpimJle  coll  there  is  thrown  out  a 
pencil  of  delicate  wavy  attenuated  fibrra.  The  broad  side  of  the  cell  may  also 
gire  rise  to  fibres  which  develop  out  of  its  protujiln.'im.  These  large  epithelioid  cells, 
however,  he  traced  to  colourless  blood  corpuscles.  He  agreed  (p.  285)  with 
Ziegler  that  the  one  leucocyte  may  devour  the  other  and  so  become  enlitry-'l,  and 
alao  that  by  over-nourishment  the  cells  may  become  converted  into  giant  cells.  If 
this  be  true  one  cannot  exactly  see  why,  when  they  are  iiumersed  in  the  richest  of  all 
Bonriahing  fluids,  the  blood,  they  should  not  similarly  grow  into  giant  cells. 

Tlie  epithelium  unites  in  exactly  the  same  way  aa  in  healing  by 
immediato  union. 

Summary. — The  union  of  the  wound,  therefore,  in  healing  by  the 
first  intention  is  brought  about  by  tho  roprodiiction  of  new  connective 
tinue  and  epithelium  from  the  old  tissues  of  the  like  kind.  These,  as 
pointed  out  by  Fraiso  in  a  recent  essay  on  the  subject  (No.  101),  and 
as  generally  admitted  in  jmthological  new  formations,  regenerate 
themaelves  more  readily  than  any  other  tissues.  What  the  cause 
of  their  regeneration  may  be,  however,  is  as  yet  obscure.  As  Fraiso 
remarks  (loc.  cil.),  neither  the  irritation  of  wounding,  nor  an  increased 
•nptily  of  nourishment  (Thiersch),  nor  the  withdrawal  of  opposition  to 
growth  (Boll)  alone  can  account  for  it. 

Method. — The  study  of  healing  by  the  first  intention  is  perhapa  better  carried 
oat  ia  Man  than  in  any  of  the  lower  animals,  and  chiefly  for  this  reason  that  the 
woQnd  can  b«  kept  perfectly  aseptic  and  pressure  be  more  accurately  applied  than 
ia  an  animal.  lo  connection  with  every  large  hospital  there  is  always  plenty  of 
■nllable  material  to  be  had  either  from  the  dead  subject  or  in  |>arts  which  have 
iMeii  rrnuivnl  from  tlie  living  for  various  causes  while  healing  is  going  on. 

In  studying  the  process  in  the  lower  animals,  the  author  has  found  that  those  with 
a  thick  derma  arc  moat  suitable.  Tlie  wound  should  be  made  in  a  (utrt  containing 
•a  tittl*  suU'titaneou*  fat  as  poMiblc,  and  where  the  animal  cannot  gnaw  the  drcsa- 
inga.  The  stricteat  antiseptic  precautions  are  to  lie  enforced.  The  akin  must  bo 
aharad  widely  around  the  part,  and  \m>  thoroughly  cleansed  first  with  soap  and  water, 
wb— IBtPtly  with  carbolic  lotion  (1  to  40),  The  incision  should  be  made  nnJer  the 
VOU  I  T 
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spray,  tnd  the  wound  bo  drexsed  with  a  collodion  styptic  cootaining  a  lai|^  parent* 
age  of  boracic  acid  and  Nteriliacd  cotton  fibre.  This  ithoald  bo  ilropped  on  ODtfl  B 
tumour  -  like  elevation  is  built  up,  the  animal  being  kept  narcotiaed  aatil  it 
is  dry.  Bandages  an  always  difficult  of  application  in  small  animals,  and  erea  in 
those  which  are  larger  they  often  are  the  means  of  causing  the  wound  to  potniy. 
The  great  object  to  be  aimed  at  is  to  excite  as  little  reaction  in  the  tissues  aa  poaribl*^ 
otherwise  the  prooeaa  is  sure  to  b«  complicated  by  vascular  distension  and  its  cob- 
oomitant  evils. 

Harden  in  "  C  "  for  three  weeks,  subsequently  in  "  A  "  for  a  fortnight  Put  ths 
puts  while  warm,  or  as  soon  as  possible  after  death,  in  the  hardening  sotntioo. 
Imbed  the  wound  in  colloidin  before  it  is  cut  if  it  hapt'^^u  to  be  of  recent  date. 
liaTtug  previously  removed  vritb  alcohol  and  ether  as  much  of  the  mbcutaneoos  (at  as 
]>nssib]o.  This,  if  abundant,  materially  interferes  with  its  proper  examinatio*. 
Stain  in  hicmatoxylcnc  and  mount  in  Farranta'  solution.  For  demonstimtiag  th« 
general  appearance  of  the  cicatrix  with  a  low  power,  the  pre|<aratioa  maybe  clarified 
in  oil  of  cloves  and  mounted  in  dammar  lac 


in.  Healing  by  the  Second  Intention,  or  Granulation. 

193.  Wlien  a  wound  is  left  exposotl,  and  when  accurst«  presstiro  is 
not  applied  to  its  edges,  it  begins  to  granulute.  Vnscular  tiift^  arc 
thrown  out  on  the  raw  surface,  and  a  discharge  more  or  less  (lumlmt 
is  cast  off  from  it.  Tho  wound  in  such  a  case  hoals  from  the  edge 
inwards. 

Tho  part«  to  be  seen  in  it  are  the  following : — 

(1)  Thf  ffranulaling  surf  net  in  the  crntrr. 

(2)  ^  biuish-pink  pellicle  at  tlie  vuirgin. 

(3)  Tht  blanched  cicatrized  part  Iwyond  this  etmiinuous  wilh  tht , 
tissue. 

(1)  The  Granulating  Surface — A.  Its  Svptrfieiai  or  r 
Layer. — The  hjwis  of  e.ich  tuft  of  gninulations  is  a  bunch  of  cap 
loops.  Each  loop  takes  it«  origin  from  a  6mall  artery  and  enten  I 
corresponding  vein,  or  there  may  be  a  common  stem  which  ariaes 
from  the  artery,  and  which  subsequently  breaks  ap  into  aecooAnj 
and  tertiary  branches  which  finally  become  united  in  a  vein.  Some- 
tiroes  a  loop  arises  at  one  end  from  a  small  artery,  and  re-enters  it  at  a 
little  distance  further  on.  The  walls  of  the  capillanes  resemble  thoc« 
of  natural  vessels  ;  the  nuclei  of  their  endothelial  plates  being  usualh 
remarkably  large.  Tlie  loops  are  wider  at  their  curve  than  elsewb< 
They  contain  a  considerable  numl>cr  of  coloured  coqiuscles,  and  aJwM 
a  disproportionately  largo  number  of  leucocytes.  In  the  immediata 
vicinity  of  the  loops  many  leucocytes  tend  to  accumulate,  and  theM 
ore  pressed  out  on  the  free  surface  as  one  of  the  elements  of  Um 
diacharga 

The  loops  siirout  upwards  in  bunches,  and  it  is  theae  which  gfv« 
the  papilla-liko  shape  to  the  gninulations.  In  a  wound  typically  beal- 
ing  by  the  second  intention  the  granulations  arc  always  pattiealarljr 
amall—caero  vascular  buds. 
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Round  about  the  capillary  loops  is  a  delicate  opi;n- meshed  aud 
oedematous  stroma,  and  upan  its  bundles  of  fibres  may  bo  seen 
numerous  connective-tissue  corpuscles,  all  more  or  less  germinating. 
It  is  attached  to  the  walls  of  the  vessels,  and  gives  them  support. 
Within  it«  meshes  are  contained  t!ie  granulation  cells.  These  are 
of  two  kinds,  namely,  small  round  cells,  leuoKytes,  derived  from  tlie 
distended    loops,    and    cells   two    or   three    times    larger,  JibroblasU, 
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fto.  M.— tTK^MKO  ar  Snmrs  lammov.    pKupcxmcvtas  iSiorioH  tiiboroh  Ems  nr 
HriLTiiT  OkkiroLATaro  WonfD,  Ou>  Ulcer  or  Lsi  (xM  Diamk.) 
(a)  Th*  dJaehufc;  (h)  tiip  litul«h-)<lnk  |ieUiuls  uf  yunng  rplilernili;  (i)  aldi<r  ejilderuils;  (it 
tmnalaHna  Umim  ;  (<)  lq]ecl<«l  lilnod.YMwIa  ;  (/)  drap  organUiliig  Isfet  brneatb  cicatrix ;  {/))  ouue 
tawMh  paoolaUaa*  <Hafiiak>xrl«o«  aod  fUmmU'  Solution). 


derive<l  from  the  neighbouring  connective  tissues.  Sometimes  a 
third  ccUular  clement  is  added,  giaiU  cells,  but  this  is  not  a  constant 
oonstttiicnt  They  apjiear  to  be  simply  overgrown  fibroblasts  (sec 
Sect  200).     Tlie  fibroblasts  are  usually  r<»und,  sometimes  branched. 

B.  lU  dfrp  CiriitriMJiij  Imijit. — In  a  healing  wound  the  dei»th  of  the 
granulating  surface  is  very  slight,  not  more  than  an  cightii  of  an  inch. 
Beneath  it,  in  all  such  healing  wounds,  there  is  a  cicatrising  layer, 
oompomd  of  the  same  elements  as  a  young  cicatrix  in  a  wound  healing 
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•U  onr  notions  of  embryological  order  and  predeati nation  that  one  cannot  entertain 
it  for  on  instant. 

The  most  important  literature  on  the  Bubjtct  of  formation  of  new  epithelitun  nill 
be  fonud  ill  the  foUouing  treatises  : — 

In  reference  to  the  regeiieratiou  of  tlio  cornea  epillielinm  :  AVadsworth  and 
Eb«rth  (No.  13,  li.),  Hoffiiwiin  {ibul.),  Heiberg  (N'o.  4fi,  1871),  and  Wyss  (No. 
13,  Ixix.  1877)  should  bo  consulted,  Klrlie  (No,  104,  iii,  1875)  has  an  articlo 
on  tlio  regeneration  of  ejiithcliuni  iu  the  frog's  web  ;  wliile  Heltfr  (No.  105,  p. 
28)  sbowi'd  the  new  epithelium  to  1)e  regenerated  from  the  old  at  the  edge  of  a 
wound  in  the  frog's  tongue.  Gritiiut  (No.  49,  i.  1884,  p.  S3)  has  continued  what 
the  sutbor  previously  recorded  on  the  regeneration  of  tracheal  and  broncliial 
c|iithrliuui  when  it  has  been  shed  by  inllamniation  (No.  103),  namely,  tliiit  the  new 
cells  arise  from  stray  cells  which  hare  been  left  ujtoii  tlic  mucous  tnembrane. 
Hennam  (No.  49,  L  1884,  p.  56),  and  Fraisn  {Inc.  rit, ),  hold  siiuilar  views  as  regards 
the  regeneration  of  new  epithelium  from  the  old  ;  while  I'fitzner  (No.  13,  vol.  ciii. 
p.  256,  1886)  Lm  lately  shown  that  a  short  way  from  the  edge  of  the  wound  a  rone 
of  epidermic  cells  with  karyomitotic  figures  may  be  rccogui&otl. 

The  cells  at  the  extreme  edge  of  the  epithelial  ppllicle  have  a  more 
or  less  rounded  shape.  They  closely  resemble  those  found  in  the 
rete  Malpighii.  At  first  they  do  not  readily  adhere  to  the  underlying 
Biirface,  but  in  cotirse  of  time  seem  to  throw  down  long  processes, 
which  pierce  into  the  tissue  beneath,  and  in  tlii.s  way  take  hold  of  it. 
The  epidermis  eventually  develops  precisely  the  same  layers  as  in 
the  natural  skin. 

The  granulations  at  the  edge  of  the  wound  previous  to  the  young 
epidermis  spreading  over  them  become  very  much  reduced  in  size, 
and  before  the  new  epidermis  will  form  a  proper  attachment  all 
nnorganisable  granulation  cells  and  vascular  distension  must  disapjiear. 
The  leucocjrtes  rapidlj'  vanish,  and  the  lihrohlfisLs,  as  the  granida- 
tions  become  reduce<l  in  size,  are  converted  into  Bpindlcs  of  the  young 
cicatrix.  So  long  as  the  granulation  basis  is  in  a  congested  and 
oedematous  condition  there  is  little  tendency  for  the  epidermis  to 
cover  it.  The  j'oung  cells  are  ajipjircntlj'  undermined  by  the  cedema- 
teas  fluid,  and  are  thrown  off"  as  soon  as  they  are  generated.  The 
granulations  l>eing  thus  removed,  the  deep  or  cicatricial  layer 
which,  as  descril^d,  underlies  them,  is  exposed,  and  it  is  in  reality 
over  this  that  the  epidermis  spreads. 

Reverdin's  disiyjvery  ol'  skin  grafting  (No,  lOtJ,  No,  .xiii.  Dec  1869;  No,  6, 
1870  ;  and  No.  107,  1872)  proves  the  power  of  transplnnted  epidenuis  to  reproduce 
itaelf.  Islands  of  epidvriuis  fix'qucntly  arise  in  the  midst  of  granulating  wounds. 
Their  pn^sence  is  to  be  esplaineil,  not  upon  the  theor>'  of  a  transformation  of  the 
cells  of  the  granulations,  but  ratlier  from  the  fact  of  some  epithelial  remnants  having 
been  left  on  the  surface  during  the  process  of  uk-erution  wliich  may  have  occa- 
sioned tliu  wound.  Schweninger  (No.  108)  showed  that  hairs  could  similarly  be 
ttanaferrtid  to  a  granulating  surface.  Masse  <No.  109,  2d  serie,  T,  iv.  No.  1, 
pp.  1-3^)  hastranupknted  them  into  the  anterior  chamber  of  the  eye,  Dert  failed  to 
do  so ;  bat  Vlosse  states  that  it  is  necessary  to  remove  a  portion  of  tlie  epidermic 
sheath  to  insure  succ^as. 


imSATJUN        PAWn 

Reconstruction  of  Papillz. — When  a  wound  heals  by  iht  first 
intention,  pup)lli«  are  absent  from  the  cicatrix  even  although  it  \k 
bi-oad.  When,  howt-vyr,  the  healing  is  effected  by  the  second  intention, 
true  papilla)  reform  upon  the  ejiiderniis.  In  the  latter  case  the  granu- 
lation Ioo|>8  atrophy  downwards  and  become  the  papillary  ve««k 
The  construction  of  papilbe  seems  to  be  dependent  upon  tbete 

LilfTaturf  on  Skin -ffraf ling. — Dickinson:  St.  Louia  Med.  and  Sorg.  JonnL, 
1883,  p.  lOft.  Gtrdner  (fr.  Dead  Subject):  .Med.  R^,  N.  Y.,  xx.  1881,  p.  lit. 
Monod  :  Uaz.  d.  hop.,  liv.  1831.  p.  700.  M'Cartby :  Med.  Ptbm  Md  Cipc,  nx.  IM), 
p.  811.  Petersen  (fr.  Frog) :  Vrach,  vi.  1885,  p.  641.  Reverdin  :  Soc.  da  CKIm|k. 
xiU.  1869  ;  also,  Archiv.  gv-u.  d«  miA.,  1872.  Turnbull :  Trans.  Aiu.  Mc<L  Amoc,  PkO^ 
xxxl.  1880,  p.  869. 

(3)  The  Cicatrised  Area. — When  the  edge  has  become  covered 
with  epidermis,  organisation  of  the  cmbrj'onic  elements  rapidly  take* 
place,  followed  by  the  production  of  fibrous  tissue.  All  renuiining 
vascular  dilatation  vanishes,  a  cicatrix  has  been  formed,  and  the  heal- 
ing is  completed. 

The  Discharge. — From  the  vascular  loops,  as  previoasly  describ«d, 
many  leucocytes  escape,  and  the  krger  and  more  tortuous  the  former 
are,  the  greater  the  nurat^r  that  seem  to  be  capable  of 
through  their  walls.  Along  with  them,  a  more  or  less  highly  alt 
minous  liquid  exudes.  Many  of  the  fibroblasts  of  the  gmnalatioM~ 
are  also  cast  ofl',  and  these  three  elements,  present  in  varying  quantity, 
together  constitute  the  discharge.  As  they  are  generated^  tbey  teod  to 
be  pressed  out  in  the  direction  of  least  resistance,  that  is  to  aay,  OD  to 
the  surface  of  the  wound. 

Flabby  g^ranulations  are  such  as  have  very  wide  and  long 
capillary  loops,  and  whose  open  meshed  reticulum  is  distended  with 
cedematous  liquid. 


FORMATION  OF  GRANULATIONS  AND  NEW 
BLOOD-VESSELS. 

194.  It  11  Usaally  sup|>o.'fcd  that  the  capillary  loops  thrown  up  \ 
•a  expoted  ntrface  are  newly  formed.  Blood-vessels  are  newly  for 
no  doubt  under  certain  physiological  and  pathological  conditions. 

Arnold  (No.  13,  vol.  liii.  p.  70  ;  and  liv.  pp.  I  and  408)  has  d<>scnbed 
the  process  very  carefully  in  the  regenerating  tail  of  the  frog  tadpole, 
in  the  cornea  in  artifically- produced  panophthalmitis,  and  ia 
vitreous  humour.  The  method  by  which  the  new  vessels  in 
■ituations  are  regenerated  is,  according  to  him,  that  from  the  endothelial 
oelU  of  the  wall  of  a  pre-existing  vessel  a  protoplasmic  mass  is 
shot  outwards,  which  continues  to  grow  by  tlirowing  out  prooeawi 
terminating  in  thread-like  extremities.  These  become  converted  into 
loops  by  their  terminations  uniting.  The  protoplanaie  proceewj  art 
afterwards  hollowed  out  into  tubes  and  suffer  subsequent  dilatatiotv 
while  nuclei  b^n  to  appear  in  their  wall.     The  at  first  oontimMia 
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and  homogeneous  or  faintly  granular  wall  next  becomes  subdivide*! 
into  endothelial  plates,  each  with  a  nucleus,  and  so  a  new  capillary 
i*  generated.  The  new  vessels  are  invariably  capillary  in  character. 
They  may  afterwards  become  surrounded  by  an  adventitious  sheath. 

Ziegler  (No.  110  knd  No.  SO,  October  26,  1876)  hu  practically  conflrmed  thu 
dMcriplinn,  but  like  Broduwski,  he  also  traces  their  embryonic  connoction  with  ^iant 
CcOs,  at  least  in  many  cases.  Several  wandering  cells  become  incorporated  into 
one  protoplasmic  mass  or  giant  cell.  From  this  mass  a  few  processes  are  projected 
oatwards.  Tbe6«  unite  with  rows  of  spindle-shaped  c«11b  linearly  arranged,  and  ao 
«  oet«rork  results.  Protoplasmic  sprouts  are  thrown  ofT  from  neighbouring  vessok 
which  unite  with  this  network.  The  whole  network  of  cells  and  fibre*  subsequently 
becomes  hollowed  ont,  commencing  at  the  ofTshoot  from  the  blood-veiaal,  with  thu 
reaolt  that  in  course  of  time  a  branching  system  of  new  vessels  follows. 

Billroth  (No.  Ill)  describes  three  niethoda  in  his  well-known  essay  by  which 
Uood-Tessels  are  developed  in  the  embryo.  The  first  of  these  consists  in  the  laying 
down  of  solid  cylinder-forming  cells  closely  united  together.  These  subsequently 
become  hollow  and  their  contents  are  transfornii-d  into  blood  corpnacles  which  are 
Afterwards  carried  into  the  circulation.  The  walls  of  the  new  veaaela  he  supposes 
•ro  compo8(<d  of  the  cell  membrane. 

Tlie  second  differs  from  the  first,  in  that  rows  of  spindle  cells  with  processes  lie 
in  dose  apposition.  They  enclose  spaces  between  them,  and  these  become  trans- 
formed  in  time  into  the  channels  of  the  veaaebi.  Thiersch's  researches  (No.  115,  B.  i. 
Ab.  8,  H.  2)  practically  coincide  with  this  view. 

The  third  corresponds  closely  with  the  method  described  by  Arnold,  namely,  that 
the  vcMcl  wall  sends  out  tbreed-like  projections  which  unite  with  simiUr  offshootSi 
or  with  processes  of  branched  cells,  or  directly  with  another  vessel.  The  processea 
snbaeqnently  become  hollow  and  are  thus  converted  into  blood- vesaela.  New  cells 
develop  in  their  walls.' 

Granted  that  these  various  metho<l8  of  blood-vessel  new  formation 
are  capable  of  verification  in  pathological  and  embryonic  tissues,  the 
question  comes  to  be  :  Are  the  vascular  loops  which  spring  up  on  the 
exposed  surface  of  a  wound  to  be  traced  to  similar  modes  of  origin  7 
Art  they  not  merely  the  superficial  vessels  of  the  part  which  have  be- 
come distended  with  blwMi  and  partially  detadn^d  from  the  tissues  in 
which  they  lie  1  Ziegler  (loc.  ci(.)  has  stated  liuit  the  vessels  of  granu- 
lations pasji  through  the  same  transformation  in  developing  as  those  of 
other  parts.     The  evidence  on  which  this  rests,  however,  is  meagre. 

The  process  of  granulation  formation  in  Man  the  author 
finds  to  be  tlie  following  : — If  the  exposed  wound  be  examined  in  about 
forty-««ight  hours  after  it  has  been  inflicted,  the  superficial,  lacerated,  or 
divided  doa(i  tissues  will  be  seen  to  bo  in  a  state  of  disintegration,  and 
shortly  afterwards  they  begin  to  separate  from  those  which  are  still 
living.  Tlie  most  superficial  capillaries  at  the  same  time  undergo  a 
remarkable  alteration.  They  are  converted  into  huge  sac-like  cavities, 
filled  to  distension  with  blood  (see  Fig.  98).     Every  small  capillary 

'  Other  papers  have  been  publUbeil  on  this  >ul>j«ct.  The  f»11owinf(  should  be  COD- 
svltsd  :— Raovicr  (No.  18),  Carmalt  and  Strieker  (No.  46,  1871),  and  Schkfer  (No.  IIS 
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which  otherwise  would  have  remainoil  unnoticed,  has  been  rendered 
a  prominent  ohjcct  from  the  excess  of  blood  wliich  it  contains.  Shortly 
afterwards,  they  beconns  tortuous  and  have  a  tendency  to  bulge  upwiutU 
or  rather  outwards  on  the  free  surface. 

Examined  a  few  days  later,  it  will  be  found  that  these  Bame  Tcnncli 
have  been  projected  still  further  outwards,  and  now  are  recogoinble 
as  granulation  loops.  Round  about  them  is  a  dense  layer  of  leu- 
cocytes. The  whole  process  seems  to  be  one  of  distension  and  dis- 
placement of  superficial  capillary  vessels  naturally  present  in  the  put 
— See  author's  paper  on  "Healing"  (Na  5,  xiiL)  and  "Sponge 
Grafting"  (No.  19,  November  1881). 
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Fn.  W<— flfrnnciAL  CAPiuLAam  oiw  a  Wocitd  Baoinrna  to  OiustTLATa,  AaovT 
FoKTT-nauT  Hocaa  tmM.  m  Ixrucnox  (xSSO  Di&iu.) 

(a)  PiM  •nrfiMM ;  (6)  tbe  upUbiy  loop*  ill  dUtesdad  witfa  blood,  UMt  betaf  drivm  (Mtvwii 
la  tortuoiu  featoon* ;  (<}  fonag  gnunlation  Mil*  (Plero-canntiw  aad  ttmaW  BoMlM^ 


As  the  vessels  are  thrown  upwards  they  carry  with  them  a  littltl 
areolar  tissue.    This  l>ecoiucs  osdematous  from  the  infiltration  of  liquid, 
and  constitutes  the  stroma  of  the  granulations. 

Cause  of  Vessels  being    Displaced — All   the   liquids 
tissues  of  the  body  arc  under  a  certain  pressure.     The  expulsii 
action  of  the  heart,  opposed  by  the  elasticity  of  the  tis.sues  strikes 
balance  at  a  certain  mean.     Under  such  circumstances  a  cavity,  in  the 
etrict  sense  of  the  term,  whose  walls  are  not  v\f,\A  is  a  physical  im- 
possibility.     All  the  so-called  cavities,  such  as  the  peritoneum,  pleura, 
or  pericardium,  must  necessarily  eitlier  have  their  surfaces  in  accuTatti 
Bjiposition  or  must  be  tilled  with  some  resistant  material    which 
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coonterbalance  the  pressure  of  the  blood  on  their  various  sides.  If  a 
separation  wore  to  occur  between  the  surfaces  of  the  pericardium,  the 
pleura,  or  the  peritoneum,  the  immediate  effect  would  be  to  cause 
traasudation  of  liquid  into  it  from  the  J>lood-vessels  until  the  pressure 
in  the  cavity  become  equal  to  that  of  the  blood-vesseis  ramifying  in  its 
walls ;  or,  if  this  were  preveuted,  the  capillary  loopS  on  either  side 
of  the  cavity,  not  meeting  with  sufficient  support  from  tlie  mutual 
pressure  of  the  two  walla,  would  tend  to  be  pushed  inwards  so  as  to 
fill  the  vacuity. 

Every  capillar}'  in  the  body  has  a  tendency  to  be  pushed  further 
and  further  outwards  from  the  heart  as  a  pumping  centre,  as  may  be 
explained  by  the  accompanying  scheme. 

Let  L  (see  Fig.  99)  represent  the  left  side  of  the  heart,  and  R  the 
right.  The  blood,  leaving  the  left  ventricle  by 
the  aorta  (A),  will  be  diverted  from  running  in 
a  straight  line  only  in  so  far  as  it  is  opposeil  by 
certjun  forces.  In  completing  the  circulation  it 
is  so  acted  upon  by  these  forces  that  it  runs  back 
through  the  vena  cava  (V  C)  in  exactly  an  op- 
posite direction  from  that  in  which  it  pa-sses 
down  the  aorta  (A).  The  opjiosing  force  which 
determines  this  entire  change  in  the  direction  of 
the  blood-stream  is  to  be  found  in  the  walla  of 
the  blood-vessels;  for  if  we  suppose  c,  e,  c  to 
represent  capillaries,  it  is  evident  that  it  is  by 
their  intervention  that  the  reversal  of  the  stream 
occurs. 

Now,  it  is  apparent,  that,  as  the  blood  would, 
practically  speaking,  continue  to  run  in  a  straight 
line  unless  it  were  for  tlie  intervention  of  the 
cnrrwl  blood-vessels,  the  stream  must  impinge 
■gainst  the  coat  of  the  vessel  at  points  a\  a^, 
a*,  and  will  tend  to  drive  the  vessel  outwards 
and  to  straighten  it  That  this  disphicemont 
does  not  actually  occur  is  the  result  of  the  re- 
sistance of  the  fascia;  and  skin,  which  so  bind 
the  capillaries  down  in  their  places  that  ever- 
sioQ  is  prevented.  In  the  case  of  a  cavity,  such  displacement  is 
prevented  by  the  mutual  compression  of  the  various  sides. 

Lsiwlenr  (Ko.  113),  eviilently  in  ignoranc-e  of  the  author's  work  on  this  subject 
iltc  eit, ),  has  propounded  exactly  the  samo  doctrine,  and  has  founded  a  tlipory  of  in- 
flammation U|>ou  it  (No.  114,  No.  (X'lix. )  Id  the  former  of  thew  work*  ho  Hays  that  the 
tiamoa,  owing  to  t)i«ir  elavtiv  prop^rticH  nnd  th«  tcuaion  of  tliuir  lluidH,  mURt  react  on 
th«  rirrulation  of  the  l)loo<I  tlii-ougli  thom.  If,  for  example,  the  prv«iurc  within 
the  rapilUrir*  of  the  broiu  be  itcrajitcd  on  o(|ual  to  300  uim.  of  water,  and  Uip  trnsion 
of  the  r4iri>bm-»pin«l  fluid  be  equivalent  to  200  mm.,  it  is  evident  that  only  one- 
third  of  the  blfKMl  preMurv  is  borue  by  the  capillary  wall  while  two-lhirdttniust  hav« 
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bMD  expended  upon  the  tiamiea.  By  a  uombcr  of  ingenious  experineats  he 
formed  an  approxiniato  estimkte  of  the  couuterpoiae  aflbnJt'd  by  tb«  tiasut«  in 
and  in  the  lower  animals.  In  a  powerful  man  be  found  it  to  be  n^uivalcnt  to 
preasore  of  550  to  600  mm.  wat«r,  about  three-fourths  of  the  conjcotur«d  capiHaij 
preaanro  onder  the  skull  (t.  Kries).  In  the  8ubcatan«oaa  tiaanea  of  the  imbfait 
found  it  to  be  equivalent  to  15-30-60  utn.  water,  and  in  the  dogfa  akin  it 
to  140  mm.  Ho  holds  that  the  surrounding  tiaaaea  act  upon  the  capillarica  ia  t]M 
aame  way  aa  the  elastic  coat  uf  an  artery  acta  upon  the  blood  within  it.  The  anwiont 
of  reaiatance,  however,  Tariea  according  to  the  ro-elhcient  of  elasticity  of  tba  {wrt, 
and  according  aa  the  capillarica  are  surrounded  by  liquid  or  by  solid  tiaaua.  Ia 
oedematous  tissues  tliore  always  is  a  perceptible  extenaibility  and  inoomplat 
in  their  elasticity.  This,  along  witli  alterations  in  the  vessel  wall,  he  holda  to 
Uw  cause  of  wdema.  The  loaa  of  elaatidty  may  bo  the  result  of  long-contint 
atretching.  The  tiaaucs  thiu  normally  act  aa  an  elastic  cushion  opposed  to 
pressure  of  the  bloo<l  from  within.  In  inflomnution  he  beliorea  that  Uita  elaatieit; 
and  reaiatance  are  lost  from  the  part  being  injured,  and  henc«  the  reaaels  b«ooiB« « 
and  engorged. 

Examples. — There  are  many  facts  which  prove  that  a  restraint  of 
thia  kind  is  required  in  order  to  prevent  c&pUlary  distension  and  dis- 
placement : 

(1)  If  we  remove  the  akin  and  leave  the  part  exposed,  the  almost  immediat*  i 
is  that  the  surface  be^jina  to  granulate  ;  and  if  we  study  how  these  gruill 
vesaela  are  formed,  it  is  evident,  as  jnst  described,  that  they  are  nothing  I 
the  superficial  capilloriea  of  the  subcutaneous  tissues  which  have  been  disphused  ami 
elongated  by  the  pressure  of  the  blood  within  tlicm.  There  ia  no  evidenca  to  ahov 
that  these  blood-veaaels  are  newljr  iaiawd.  The  loopa  can  be  aeea  in  all  ata|^  of 
evesrion. 

(2)  Make  an  incision  into  a  tissuo,  bring  the  edges  together  so  aa  to  exert  mutual 
preasurc,  keep  the  part  free  from  irritation,  and  the  two  injured  surfaces  will  rapidly 
unito  without  granulating.     Expose  the  surfaces  of  such  a  wound  by  separating! 
them,  and  do  not  apply  any  connter-preasure,  and  the  whole  of  the  superficial  oapQ*! 
Ury  loops,  which  have  lost  the  restraining  influence  of  the  tisanes,  will  be  evertad  I 
granulations. 

(S)  There  is  no  tendency  to  granulation  on  the  pleural  or  peritoneal  suriaccs 
or  on  the  mucous  membrane  of  the  bladder.  Separate  the  adjacent  surlacea,  how- 
ever, and  they  will  liegin  to  granulate  like  the  surface  of  a  freah  wtnuuL  Tka 
granulating  mucous  membrane  of  the  extroverted  bladder  is  a  good  example  of  thia. 

(4)  Tlie  vessels  of  the  brain  are  restrained  in  their  position  by  the  reabtaan  < 
the  cranial  vault  and  membranes.     Remove  these  resisting  media,  and  tht  btaia 
seen  to  pulsate  in  the  first  instance,  and,  if  it  becomes  at  all  inflamed,  ia  foroad  i 
in  the  form  of  a  hernia. 

(5)  The  granulations  in  a  raricoae  nicer  of  the  le^  are  larger  wbra  the  lioib  i 
dependent,  because  there  ia  more  than  ordinary  pr«asure  exerted  upon  them  by  tbst 
weight  of  the  whole  blood  column.     The  tendency  to  nlceration  on  the  leg  u  siinplyj 
an  expreaaion  of  tba  effects  of  incrcaard  preature  npon  tbe  resisting  skin.     In  orda 
to  relieve  thia  prcsrare  and  to  avoid  ulceration,  we  raiae  tbu  limh  and  placr  tt 
patient  in  tbe  recumbent  position.     Tlie  cause  of  the  ulceration  ia  that  the  halaix*! 
which  naturally  exists  throughout  the  whole  body  between  the  expulsive  action  i 
Ihn  heart  and  the  reaiatance  of  the  tiasnaa  has  been  diaturbed  and  is  in  favoar  of  thlj 
former.     The  undae  capillary  tension  most  be  ramoved  by  oouatcr  praasara  or 
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rftishig  the  limb  before  the  balance  can  be  a^in  struck  Wtwcpti  the  expelling  forre 

had  the  resistance.     If,  on  the  other  hand,  an  unduly  great  amount  of  contracting 

cicttririal  tinauo  should  result  after  healing  is  complete,  the  Inlaneo  between  tho 

two  may  be  again  disturbed,  in  an  opposite  direction,  and  a  shrinking  of  tho  limb 

ribllow. 

Amount  of  Discharge  in  Relation  to  Position. — The  dis- 
tended capillary  walls  in  a  granulating  wound,  like  those  in  an  inflamed 
part,  are  more  porous  than  naturally,  and  readily  allow  tho  exodus  of 
liquid  and  blood  corpuscles.  The  coloured  bkxid  cr»rjjU8cIea  escajie  in 
small  number,  because  they  never  come  near  the  wall,  but  run  in  the 
axis  as  before  explained  (Chap,  xiv.)  The  Icucocjtes  catching  in  the 
bends  of  the  vessel  tend  to  bo  applied  over  the  pores,  and  hence  are 
traded  by  preference.     Tho  extniding  force  is  the  blood  pressure, 

^and  the  greater  this  is,  the  more  liquid  and  leucocytes  will  be  ex- 
ed.      Hence   the   position  of   tho  part  on  whicli  a  granulating 

'wound  ia  situ.ited  will  have  a  marked  influence  in  increasing  or 
diminishing  the  amount  of  discharge  thrown  off,  and  also  in  regulating 
the  size  of  the  granulations.     This  quite  coincides  with  the  everyday 

'•zperience  that  if  a  person  suiTeriivg  from  an  ulcer  of  the  leg  walk 
about,  the  discharge  increases  in  quantity,  the  granulations  become 
exuberant  and  cedematuus,  and  the  wound  does  not  tend   to  close. 

jfThese  effects  are  in  great  part  counteracted  by  keeping  the  limb 
horixontal. 


INFLUENCE  OF  ORANULATIONS  IN  THE  HEALING 
OF  A  WOUND. 

wound  ^vill  heal  without  granulating  pntidld  ihot 
are  kept  in  tfuir  plates  by  accurately  apfiied  prtstun, 
and  Oial  ail  Jliix  of  blood  into  them  w  averted  by  the  vmirui  being  preserved 
free,  from  putrefaelvm  and  inflammation.  The  statement  can  be  verified 
daily  in  the  practice  of  antiseptic  surgery.  The  wound  Itecomes  covered 
with  a  grty  pellicle  of  new  tissue  elements,  and  the  epithelium  spreads 
over  tiiis  a.s  a  surface,  without  tiiore  being  any  more  vascularity  than  is 
[lieceaMiy  for  organisation. 

Lister  has  frequently  drawn  attention  to  this.     Tlie  wound  in  course  of  time  con- 
tracts and  heals  in  a  much  shorter  time  than  if  a  rich  crop  of  gnuinlatiotui  had  been 
1  forced  outwards  on  its  surface. 

When  superficia]  parts  of  the  cornea  are  excised,  the  wound  heals 
quicker  than  in  any  other  situation  (Wyss,  No.  13,  Ixix.  ;  and 
Giittcrl)ock,  No.  13,  I.),  and  it  is  effected  simply  by  the  embryonic 
epithelium  rapidly  filling  up  the  wound.  There  are  no  blood-vessels 
to  hinder  it«  progress. 

When  it  is  desired  to  favour  the  healing  of  a  granalating  wound,  every  possible 
appliance  ia  adopted  for  tho  purpose  of  gtlling  rid  of  the  granulations.     Pressure  is 
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taken  off  their  capillary  loops  by  raising  the  limb ;  counter  prearare  is  applied  to 
them  by  strapping,  bandages,  weights,  etc.  ;  or  they  may  have  to  be  destroyed  by 
soine  corrosire,  or  by  the  actual  cautery.  Every  means  is  taken  by  the  surgeon  to 
curtail  them,  knowing  that  as  long  as  they  are  exuberant  healing  cannot  take  place. 
Tlie  amount  of  vascularity  rei|uisitc  to  favour  healing  is  jnst  sadi  as  will  alTord 
suihcii;ut  uourishment  to  allow  of  organisation.  Any  exudation  of  blood  products 
over  and  above  this  is  simply  so  much  nourishment  wasted,  and  is  naturally  thrown 
oft  from  the  free  surface.  When  the  cpitlielium  is  about  to  spread  over  the  sorfaca 
the  granulations  have  practically  disapiveared  as  before  described  (Sect  193). 


'^V 


(,, 


-c. 


Fill.  100.— BoRixojrrii.  Sbctiox  TRROcon  DxEi'  ok  GioAnumo  Latkii  or  a  GsjuiDtjiTiira 

WOCND  (  XlOO  DiAKS.) 

(a) CapiUar;  stemi  of  granulation  loop*  cut  acroM  ;  (b)  endotheUnm  of  same ;  (c)  ■plodle.ccll 
tissue  surrooiiillng  tbem  (PicrD-csrminc  and  Fatnnts'  SolntionX 


Natural  Atrophy  of  the  Granulations. — It  is  therefore  evi- 
dent that  instead  of  gniiiiiliitiona  being  alw^v/s  a  provision  of  Nature 
to  aid  in  orgiiiiising  the  exposed  surface,  they  are  rather  the  unavoid- 
able outcome  of  the  peculiar  circumstances  in  which  the  jmrt  is  placed, 
and  they  may  lie  the  very  means  by  which  healing  is  retarded. 

So  mucli  is  this  recoj^niiseci,  as  it  were,  in  the  spontaneous  healing 
of  the  wound,  that  a  natural  provision  has  been  made  for  their 
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destruction.     Attention  has   already  been  drawn  (Sect.    193)  to  the 

fact  that,  underlying  the  granulations,  there  is  a  Ini/tr  of  euatrit-li/tt 

t^«menis,  mostly  spindlc-sliapfd  cells.     As  the  stems  of  the  granulation 

iTessels  are  projected  upwards  they  havo  of  course  to  run  through  this 

flayer,  ao  that,  in  a  horizontal  view,  it  is  seen  to  be  perforated  by  them 

(Fig.  100). 

When  the  process  of  healing  is  going  on,  this  layer  of  cicatrix-like 
elements  begins  to  contract,  and,  in  so  doing,  constricts  the  capillary 
stems  passing  titrough  it,  thus  bringing  about  a  natural  atrophy  of  the 
granulation  loops. 

Of  coane,  the  author  would  not  be  interpreted  as  meaning,  that  f^nulations  nettr 
under  any  conditions  subserre  a  usefal  fimctiou.  They  are  often  the  means  hy  which 
ithe  elements  of  organintion  are  carried  into  a  part  (see  Chap,  xviil. ),  and  under 
ordinary  cirtamgtances  a  moderate  amount  of  Toscularity  is  beneBcial  to  organiaution. 
Where,  however,  the  granulations  are  at  all  exuberant,  they  act  distinctly  in  n 
deleterious  manner  in  furnishing  more  organisable  niaterial  than  can  be  utilised, 
all  that  i«  necessary  in  order  to  enable  the  wound  to  lieal  being  a  ihin  layer  of 
young  cicatrix  elements.  Over  this  the  epidermis  always  tends  to  spread  ;  its  cells 
a]il)arently  cAn  take  hold  of  it  and  obtain  a  firm  footing.  Tliey  can  not  do  so,  ao 
long  as  the  divide<l  tiasnes  alone  form  the  surface  of  the  wound. 

Action  of  Stimulants. — The  beneficial  influence  of  stimulants 
locally  applied,  such  as  a  blister,  solutions  of  various  salts,  etc.,  in 
causing  an  indolent  ulcer  to  heal,  is  probably  to  be  accounted  for  by 
the  substance  ;»cting  upon  tbi.s  young  connective  tissue  layer  beneath 
the  granulatiotie.  They  most  likely  induce  its  cells  to  prolifeiatc,  and 
thus  bring  about  the  construction  of  a  suitable  surface  over  which  the 
epithelium  may  spread. 

Method. — For  the  beat  examples  of  healing  by  the  second  intention  are  to  be 
obtainMl  from  Man  in  limbs  and  other  [larts  which  hare  been  amputated.  The  |>art 
•hould  instanteously  be  plunged  entire  into  "  K  "  for  forty-eight  hours.  The  wound 
should  next  b«  cut  out  and  trausferrud  to  "C"  for  three  weuka,  and  to  "A"  for  a 
furtniglit.  Ttie  tisane  does  not  require  to  be  embedded,  but  is  aimjily  cut  in  tlio 
freezer.  Stain  in  hiematoxylcne  if  a  general  view  of  the  parts  is  desirol,  and  in 
•afninin  if  the  nuclear  plexus  in  the  epithelial  cells  is  to  be  the  special  object  of 
obM^rvstion.  The  former  is  best  obtained  in  a  peqiendicular  section,  the  latter  in 
one  made  horizotitally.  Mount  in  Farrants'  solution  or  clarify  and  mount  in  dammar 
W.     Tlie  lirab  may  often  advantageonaly  be  injected. 


IV.  Healing  by  Sbcondart  Adhesion. 

196.  When  two  granulating  surface*,  as  for  instance  the  ox]K)8ed 
flaps  after  nn  amputation,  are  placed  in  apposition,  they  unite  if  undue 
Ruppiimtion  is  prevented.  The  manner  in  which  this  takes  place  is 
the  following — 

The  mutual  pressure  of  the  flaps  very  soon  constrains  the  gramila- 
tioa  loops  and  causes  them  to  atrophy.  This  brings  the  two  deep, 
cicatricial,  or  organising  layers  into  contact,  and  they  then  simply 
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grow  together  by  an  interlacing  of  their  spindles  in  a  manner  identical 
with  that  which  occurs  in  licaiing  by  the  first  intention.     The  prooen, 
therefore,  simply  consists  in  the  destrudion  of  the  granukttums  and  tba , 
consequent  ap^ilwn  of  the  two  fibrMattie  mrfacta. 

V.  Healing  under  a  Scab. 

197.  There  is  nothing  special  in  this,  further  than  that  the  scab 
(dried  liquor  sanguinis  and  epidermis)  atfords  a  convenient  protection 
to  the  exposed  surface,  and  prevents  the  access  of  deleterious  ])articlca 
which  might  fall  upon  it  and  cause  putrefaction. 


SUMMARY  OF  FACTS  RELATING  TO  THE  FIVE 
METHODS  OF  HEALING. 

19S.  Wc  have  seen  that  in  healing  by  immediate  union  and  by 
the  first  intention,  the  process  essentially  consists  in  the  growth  of 
a  wall  of  new  tissue  from  the  tissues  at  each  side  of  the  wound.  It 
IB  composed  cliiefly  of  young  fibroblasts.  Over  this,  epithelium  will 
spread,  ]»rovided  it  is  not  too  vascular,  so  as  to  complete  the  re}iaration 
of  the  k'sion.  In  healing  by  gjanulation,  the  exuberant  granulationt 
must  bo  removed  either  spontaneously  or  by  artificial  means ;  and.! 
when  the  deep  or  cicatricial  layer  underlying  these  is  exposed,  the 
epidermis  covers  it  just  as  it  spreads  over  the  young  cicatrix 
resulting  from  healing  by  the  first  intention.  There  is  no  difference 
in  the  two  processes  further  than  that  the  extent  of  cicatrix  to  be 
"  epidermidised,"  if  one  may  be  allowed  such  an  expression,  is  greater 
in  the  one  than  in  the  other.  In  the  one  there  are  at  first  two  layers 
of  cicatricial  tissue  ;  those  subsequL'ntly  unite.  In  the  other  thitre  is 
only  a  single  layer  from  the  commncement.  The  nature  of  the  prt^  I 
cess,  however,  is  alike  in  both,  and  consists  in  the  growth  of  aa 
embryonic  connective  tissue  basis,  over  which  the  epidermis 
subsequently  diffuses  itself.  Why  *.!pi(i<'rmic  cells  should  thus  tend  to 
run  suiMjrficially  has  never  been  explained. 

The  other  two  methods  are  of  coiirnc  simply  mollifications  of  theie> 
All  other  phenomena,  such  as  excessive  granulation,  suppun^ 
tion,  etc.,  are  complications,  not  essentials  of  the  process. 

0«ntral  Literature  on   Urnling  by  Fxrtt  and  Sfomd  IiUfntimu. — Bennett  (in  OU 
PtfMlM):  Bnt.  Meii.  Joum.,  1881,  i.  p.   1144.     Gamg:ee :  Trans.  InUrn.  MciL  Coii*.. 
land.,  U.  1881,  J.  493.     Humphry  (in  OW  Perioiw)  :   Brit.  Med.  JouTU.,  1884,  U.  (kSS; 
alio,  Joum.  AaaL  anil  Phy«iol.,  xix.  1884-5,  p.  115.     Kochcr :  Volknunu'i  ^^«^t^^^^^^^^  ' 
kilo.  Vu^^t«^  No.  203-4,  1882.     Ldoir  (Nrrrw  of  VegeUUoiu) :   Corapt  nod.  floc^ . 
de  Biol.,  V.  1880,  p.  228.     Nolbergr :  B«rL  klin.  Wocknscbr.,  rrii.  1880,  p.  CML 


'* CHAPTER    XVIII 
HEAUNO  OF  WOUNDS  AND  ORGANISATION— (CJonttnuwi) 

Organisation  of  Porous  Dead  Materials. 

199.  When  a  porous  substance  of  any  kind  is  placed  in  contact 
with  a  vascular  surface,  ita  porea  speedily  become  filled  witli  orgamsing 
tissue  and  blood-vessels,  and  in  course  of  time  it  becomes  incorporated 
with  and,  if  of  suitable  dimensions,  buried  in  the  tissues. 

Xumbeni  of  dilTerciit  porous  nuluitAiiceg  have  been  employed.  Thna  Heiiipnhnin 
(No.  116),  who  wu  the  finit  to  make  experimcnta  of  thin  kind,  used  elder  pith  ; 
Rustixky  (No.  13,  liz.),  pieces  of  glass  nnd  bone  ;  and  Zioglor  (No.  110),  two  coTcr- 
slips  cemented  together  in  such  a  way  as  to  leave  a  narrow  space  between  them  ; 
Banmgartea  (No.  13,  Ixxxii.  and  Ixxxvi. )  stadied  the  procv«s  in  silk  ligatures  and 
ath<?r  foreign  bodies  ;  Zieloiiko  (No.  50,  No,  Ivi.  1873)  and  Tillnianus  (No.  13, 
Uxviii.  |i.  437),  in  dead  pieces  of  tissue  sin-h  iis  liver,  lung,  and  eoniea ;  while 
Senftleben  (No.  13,  Ixxvii. )  employed  blood-vessels  tiikeu  from  difTvrent  animals. 
The  author's  own  experimenta  wore  made  with  sponge  (No.  19,  1881),  and  Man-hand 
(No.  13,  xi-iii,  p.  M8}  has  re[ieated  and  confirmed  these.  Balls  of  worsted,  the 
swim-bladder  of  the  fish,  etc.,  hare  also  been  put  to  a  similar  purpoae.  The 
inHJiirity  of  the  experiments  consisted  in  placing  these  substances  in  the  abdominal 
cavity  or  in  the  ■ubcatanooot  cellular  tiaaao. 

MfUiod. — Whatever  the  substance  selected  may  be,  it  should  first  bo 
thoroughly  sterilised  by  prolonged  soaking  in  carbolic  acid  solution 
(I  to  40),  and  the  operation  should  be  performed  with  strict  antiseptic 
precautions.  As  even  a  small  quantity  of  carbolic  acid  acts  as  a  violent 
poison  to  many  of  the  lower  animals,  the  tissue  to  be  introduced 
should  Ije  freed  from  it  us  much  as  jwssible.  Harden  the  part  for 
three  weeks  in  "  C,"  subsequently  for  a  fortnight  in  "  A  " ;  cut  in  the 
freezer ;  stain  in  hsematoxylone  or  picro-carmino  ;  and  mount  in  Far- 
rants'  solution. 

TURKEY  SPONGE. 

200.  From  it«  extreme  porosity  this  is  one  of  the  most  useful  sub- 
ices  for  experimenting  with.     It  is  built  up  of  a  set  of  branching 


288  HEALINO  OF  WOUNDS  AND  ORGANISATION        rua\ 


s  .'. 


*  4ljt^  101.— liKTKni  maocan  ma  IIoiidkii  o9  a  tarn  or  Srmtoc  ri-Acao  n  AumniWAi  CATirr 
roa  Tks  Oar*.    It  k*»  hciximx  adhuuxt  ru  thk  ilu»B.(xlOO  Oiuu.) 


M  Btaa  of  biv*  iwol  Icn  cspnianr  vtiml  ranmnit  u  rxranlii  frotu  tin  iBlMttM  :  (t)  loop  «{ 
(e,  *,  ri)pl«M*<^(liDaips  Uw  tutwltbai'mpli:..  '  <  oiUngrooad  U  ;  (>,  r)|ivt  oClka 

BU(4  with  abnnooi  l)rni|th :  (/,  9)  Uywr  i>r  r<>  lt<kaliapad  Abr^tluU  |il«nslm<l,  0 

Uw  ft  of  Um  fpatig*  («,  <)  nUed  with  AlirUiuu>  .^ .. ,  _  .  ,'j  t  Uoot  Mriitucic 
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fibres  composed  of  keratode  on  which  the  sponge  protoplasm  b'es 
during  Ufa.  The  friimework  iilono  is  left  when  the  sponge  is  dried. 
These  fibres  interlace  in  all  directions,  thus  constituting  the  ingoing 
and  outcoming  channels.  It  can  bo  easily  adapted  to  a  part  of  irregidar 
■hape,  And  c&n  be  re;idily  rendered  asejitic. 

When  a  small  piece  of  a  porous  body  such  as  sponge  is  placed  with 
antiseptic  precautions  in  the  abdomen  of  au  animal,  it  need  vol  excite 
general  peritonitis.  It  generally  becomes  attached  to  a  coil  of  in- 
testine within  a  few  days,  and  in  kn  ifatfs  wiJI  be  found  to  have 
become  so  firmly  adherent  to  the  peritoneal  coat  that  it  cannot  bo  sepa- 
rated without  tearing  the  latter.  If  it  be  incised,  a  layer  of  organising 
tissue  from  |  to  ^V  inch  deep  will  be  seen  by  this  time  to  have  pene- 
trated into  its  substance.  Similar  phenomena  are  found  to  follow  when 
the  sponge  is  applied  to  a  fresh  wound  or  placed  on  a  granulating 
surface.  The  manner  in  which  this  organisation  is  accomplished  is 
the  following  : — 

The  first  thing  noticed  is  that  the  interstices  of  the  sponge  heeome  in- 
fiUraUd  with  Uoud-dained  fibrinous  lifrnph.  The  incurrent  and  excun'ent 
canals  do  not  usually  become  occluded  by  it,  but  a  fibrinous  network  is 
found  adhering  to  their  walls  with  many  leucocytes  entangled  in  it. 

In  course  of  time,  however,  the  sponge  becomes  invaded  btj  a  layer  of 
true  fthrohlads  of  round  and  spindle  shape.  These  progressively  pusli 
their  way  inwards,  supplanting  the  fibrinous  lymph  which  had  liikea 
possession  of  the  sponge  network  in  the  first  instance.  At  the  point 
where  the  two  meet,  the  fibrin  can  be  seen  falling  to  pieces  (Fig.  101  c,  e) 
and  becoming  ab-wrbed,  and  it  is  quite  possible  that  the  new  cells  live 
upon  it.  The  oidy  cells  contained  in  the  fibrinous  lymph  are  leucocytes 
(A),  or,  at  any  rate,  cells  identical  with  them  in  shape,  size,  and 
delicacy  of  outline.  These  leucocytes  rapidly  fall  to  pieces,  they  are  con- 
sumed along  with  the  fibrin,  and  take  no  part  in  the  permanent  ortfan- 
isation.  The  cella  which  succeed  them  are  mostly  larger  than  a 
leucocyte,  some  of  them  several  times  the  size  (/,  g).  They  have 
a  much  more  decided  outUne,  and  are  possessed  of  one  or  more  large 
nuclei.  They  are  usually  round  in  shajie  when  young,  but  all  rapidly 
tend  to  become  converted  into  spindk-s. 

Their  origin  is  self-evident.  Wo  have  supposed  the  sponge  in  the 
present  case  to  have  become  adherent  to  the  bowel.  The  active 
changes  which  have  occurred  in  the  bowel  at  the  point  of  adhesion 
appear  to  be  concentrated  in  the  peritoneal  COat  and  subperi- 
toneal connective  tissue.  The  muscular  and  mucous  coats  show 
very  little  participation,  further  than  in  the  fact  of  the  connective  tissue 
proliferating  here  and  there  Jwtween  the  bundles  of  the  former. 

The  bundles  of  fibrous  tissue  of  the  peritoneum  and  those  imme- 
diately underlying  it  will  be  found  to  have  become  loosened  and 
opened  out.,  so  that  the  peritoneum  is  no  longer  recognisable  a^  a  distinct 
membrane.  The  connective  tissue  cells  lying  on  these  bundles  have 
all  been  thrown  into  a  state  of  activity  ;  they  have  become  enlarged, 
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and  division  is  rapidly  proceeding  within  them.  The  endothelium  of 
the  part,  more  especially  thtit  of  the  surface  of  the  peritoneum  and  of  its 
lymph  vessels,  appears  to  be  inipiicnted  in  this  reaction.  That  of 
peritoneum  soon  vanishes  as  well  as  the  sharp  border  which  ought 
be  distinctive  of  the  peritoneal  boundary  line. 

From  these  proliferating  sources,  a  tiut  number  of  lyevt  ctUa  torn 
arise,  which  aceumulcUe  upon  arid  within  the  coats  of  Ou  inleiHiu,  aai 
make  their  vmy  into  the  sponge  frameuxrrL  As  they  do  so,  tlie  sprndlo 
of  which  they  in  great  part  consist,  twine  themselves  round  the 
branches  of  the  framework,  and,  tendril -like,  give  support  to  the 
delicate  bloodvessels,  in  this  way  aiding  in  the  efficient  nouriAhment 
of  the  new  tissue. 

Vascularisation. — The  vascularisation  of  this  organisint^  layer  of 
tissue  elements  proceeds  pari  jmssu  with  its  spreading  into  the  sponge. 
The  following  will  be  found  to  be  the  manner  in  which  it  it 
effected  : — 

The  vessels  of  the  {writoneum  and  those  immediately  subjacent 
first  become  dilated  and  engorged  with  blood.  Every  small  ultimate 
capillary  becomes  a  huge  varicose  trunk.  They  next  show  a  pecoUtf 
tendency  to  become  tortuous,  and  the  tortuous  part«  incline  to  b«  di» 
placed  from  their  natural  position.  As  the  disintegration  of  the  tiaae 
just  described  goes  on  contemporaneously,  these  tortuous  veaeels  an 
pushed  more  and  more  outwards  towards  the  free  surface,  and  an 
naturally  carried  up,  surrounded  with  fibroblasts,  into  the  iulersticM 
of  the  sponge.  Long  stems  are  seen  reaching  from  the  intestinal  wall 
into  the  sponge  as  far  as  the  free  border  of  the  organising  layer,  whttt 
they  form  most  boautiftil  capillary  loops. 

Within  from  ten  days  to  a  fortnight,  at  the  end  of  which 
vessels  are  to  be  seen  everywhere  throughout  the  new  tissue,  tlie  author 
has  been  unable  to  detect  the  formation  of  new  vessels  by  the  bud 
process.  He  feels  strongly  persuaded  that  up  to  this  time  the 
which  are  projected  into  the  sponge  along  with  the  organising 
ments  are  not  newly  formed,  but  are  simply  the  vessels  of  the  mt» 
tinal  wall  elongated  and  dilated.  It  is  quite  possible,  although  poti- 
tive  evidence  is  wanting  on  the  subject,  that,  later  on,  now  veaaels  an 
thrown  out  in  the  form  of  buds ;  but  the  first  means  by  which  the 
new  tissue  becomes  vascularised  is  alike  with  that  by  which  the  grans- 
lation  vessels  arise  upon  an  abraded  aurfaoe  (see  Sect.  194). 

Comparatively  few  leucocytes  are  to  be  found  around  then. 
Deeply  within  the  intestinal  wall,  whore  the  vessels  are  just  becomi 
tortuous,  it  occasionally  happens  that  leucocytes  are  seen  in  prooesi 
passing  through  the  wall,  but  only  exceptionally  and  in  localised 
The  retanltttion  of  the  flow  of  bloo<l  through  the  new  vessels,  necessaiy 
for  the  exudation  of  leucocytes,  evidently  does  not  exist.  It  is  not  as 
in  an  inflamed  part  There  is  very  good  reason  for  believing  that 
the  circulation  through  them  has  been  unusually  brisk.  Those  trunks 
which  lead  up  from  the  intestine  possess  a  distinct  adventitious  coat, 
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and  have  all  the  appearance  of  having  existed  loug  before  the  process 
of  organisation  commenced. 

Organising  Layer. — The  constitution  of  this  organising  layer 
18,  therefore,  iduntical  with  that  of  the  corresponding  layer  seen  deeply 
in  a  wound  beahng  by  the  second  intention.  In  course  of  time  it 
spreads  througli  the  whole  sponge,  and,  issuing  on  the  surface,  com- 
pletely covers  it  in.  The  epidermis,  if  the  sponge  be  placed  in  an 
open  wound,  runs  over  this  easily,  seeing  that  the  latter  possesses  the 
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properties  which,  as  we  know,  in  other  localities  (Sect  193)  permit 
of  thifl  occurring. 

Presence  of  Giant  Cells. — Lying  among  the  young  cicatricial 
eletiu-ntK  of  this  organising  layer  ore  numerous  giant  cells.  They  are 
in  close  contiguity  with  the  sponge  framework,  and  in  most  cases  are 
adherent  to  it  (Fig.  102).  Tliey  are  occasionally  of  enormous  size,  and 
contain  abundant  nuclei  In  some  cases  they  are  very  numerous,  so 
that  doBters  of  them  are  seen  adhering,  amcsba-like,  to  the  kenitode 
bruchet. 
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Their  mode  of  origin  in  granulating  wounds  and  elsewhere  bM 
been  much  studied  of  late  years. 

Lange  (No.  117,  1874)  and  Thoma  (No.  13,  Izr.)  camo  to  th«  coDcInuon  that  ia 
lupus  nodulea  they  were  formed  by  an  aggregation  and  fusion  ofsmallpr  colls.  Arnolil 
(No.  13,  Ixjtxii.  ;  No.  13,  lixxriL,  and  No.  13,  Ixixriii.),  Gaule  (No.  18,  Ult), 
Waldstein  (No.  13,  Ixxxv.),  and  Kieucr  (No.  4,  J8S0),  believed,  from  the  rtndy  of 
tubercle,  that  the  giant  cells  there  are  also  formed  in  this  way.  Klein  (No.  US. 
Part  ii.)  found  that  in  the  tuben^ular  lung  they  result  either  from  orergrowtk  of 
individual  epithelial  cell*  or  from  the  fusion  together  of  aereral  smaller  cella.  II* 
rather  favours  the  latter  Tiew. 

Lange  (No.  13,  Ixr.)  also  studied  their  formation  in  blood  effiiaed  iota  t^ 
lymph  sac  of  the  frog,  Weiss  (No.  13,  Ixviii.).  in  foreig:n  bodies  intTodannl  tats 
the  tiMUoa,  Aufrecht  (No.  SO,  1677),  in  bone,  and  Tillninnns  (No.  IS.  LxrriiL),  ia 
pieces  of  dead  animal  tissue  placi>il  in  the  abdomen  ;  and  likewi*«  infenvil  tkat 
they  were  the  vfluet  of  a  fusion  of  souiller  cells.  Schuppel  (No.  lit,  1868,  H.  •) 
believed  that  those  found  in  tubercle  arose  Ihim  a  conBuenco  of  leaoocytaa  aritlda 
blood-rMiels.  Ou  the  other  hand,  Virohow  (No.  85,  IL),  Loven  (No.  119,  1878,  iv.X 
Hotrenkohl  (No.  120),  Friedlander  (No.  13,  Ixriii.),  Baamgnrteo  (Ncl  80,  1878 
and  1878;  and  No.  13,  Ixxxii.  and  Ixxxvi.),  Liibimow  (Na  13.  Izxr.],  fUmmiMg 
(No.  13,  rol.  Ixxvii),  and  Marchand  (No.  13,  vol.  xciiL),  studying  thorn  in  di&r* 
ent  situations,  concluded  that  th«y  were  the  result  of  the  enUigement  of  a  na^ 
cell,  followed  by  divi.<iion  of  its  nucleui  into  the  nuclei  of  the  giant  cell.  Zl«|^ 
(No.  121)  and  Cohnheiin  (No.  31)  held  the  sauo  view,  but  n^garded  th«  oallootif 
which  the  giant  ct^ll  is  developed  as  a  leucocyte  which  becomes  inordinataly  hlf* 
by  devouring  its  neighbours.  Otherx,  such  as  Langhans  (No.  13,  xliL  X  Roatidcy 
(No.  13,  lix.),  and  Klein  {toe.  eit.),  regard  both  methods  of  formation  as  poaribtc 

In  refcreuoo  to  the  source  of  thv  i^lls  out  of  which  the  giant  cells  gniw,  tlicfaaN 
chiefly  two  views — (1)  That  they  are  originally  extravasated  lencocjrtaa  (fta^lai.  im. 
cit. :  Jacobson,  No.  13,  Ixv. ;  Aufrecht,  loc  eit. ;  Lango,  Ice.  eiL ;  Swiftkbaa,  Ka.  18, 
Ixxii.  and  Ixxvii. ;  Tillmanns,  Uic  ci't.)  (2)  That  they  are  formed  from  tha  ixail 
cells  of  the  tissues,  such  as  connective  tissue  eorpusclea  (Weiss,  lac  eU. )  or  cndolW* 
limn  (Kindfleisch.  No.  122,  xiii.  187»;  Wagner,  No.  128;  Hanmganra,  Uc  «a.; 
RIebe,  No.  13,  xlir. ;  Kiiater,  No.  13.  slviii. ;  and  Uarchand  No.  IS,  xdiL).  Oikw 
varieties  of  fixed  cell  hare  been  alleged  to  give  rise  to  them,  such  a*  apitlMiiam : 
while  osteoblasta  are  a  fertile  aonrce  of  them  in  tumoiUB  and  other  iHwiit  oh»- 
ditions  of  bone.  Brodowski  (No.  13,  IxiiL)  described  thero  as  connoctad  to  a  uumXj 
formed  offshoot  from  a  small  blood-veasel,  and  as  being  convert**!,  in  coora*  of  tilt. 
by  a  procea*  of  vacuolation  into  new  veaaela.  Ho  looks  upon  them  a*  "  hypvrtropUad 
angoio-plastic  cords."  RabI  (No.  60,  September  9,  1878)  tracos  them  to  iiiilsmil 
lymph  cells  and  fibroblasts. 

Appearances  which  look  very  ranch  like  a  fu.sion  of  small  cells  to 
form  those  of  giant  dimensions  arc  certainly  to  bo  met  with  in  soch 
situations  as  the  nir  vesicles  of  tubercular  lungs,  but  on  further  exaa- 
ination  such  mames  will  bo  found  to  he  in  mast  canes  mere  clustan  of 
cells  surrounded  by  precipitated  raucus  or  colloid.  The  author  haa 
never  seen  true  giant  celU  arise  by  thit  method  of  fitsioii.  They  Buy 
frequently  be  noticed  dividing,  and  the  ap(>oarance  may  then  be  mia- 
taken  for  one  of  conglomeration. 

The  author's  own  impression  is  that  they  are  simply  the  enlai^ged 
offspring  of  some  mcsobliLstic  elcmiint,  such  as  an  cndutholium  or  coo- 
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nective  tissue  corpuscle.  They  are  constant  accompaniments  of  tuber- 
cular and  Bj-philitic  granuhitions,  and,  for  some  unexplained  reason, 
where  a  porous  foreign  body  is  introduced  into  a  tissue,  they  tend  to 
accumulate  in  its  spaces. 

Iodoform  and  Giant  Cells. — Marchand  (No.  13,  xciii.)  has 
made  the  discovery  that  the  application  of  iodoform  to  a  woimd,  in  a 
very  short  time  destroys  the  giant  cells ;  and  explains  its  benefjcial 
effect  on  tubercular  sinuses,  etc.,  u]>on  this  basis.  They  all  disappear 
in  a  few  days  after  itf«  application. 

201.  Fate  of  the  Sponge — Absorption  of  Organic  Tex- 
tures.— In  course  of  time,  the  sponge  Ijecomes  complettjly  incorjiorated 
with  the  tissue.  On  examining  parts  in  which  a  piece  of  sponge  had 
thus  become  ingrafted,  some  months  afterwards,  the  author  was  unable 
to  discover  any  remains  of  it.  It  appears  to  become  dissolved  within 
the  ti.ssuea,  and  entirely  disappears. 

The  agency  by  which  organic  textures  become  absorbed  when  em- 
bedded in  a  tissue,  has  for  a  good  many  years  been  the  subject  of 
obeervation. 

lletachnikoiTi  researches  (loc.  cil.,  Sect.  189}  have  already  been  referred  to,  show- 
ing that  the  nhsorptioD  of  the  tail  in  the  frog's  larva  is  eiTected  by  celln  devouring 
the  dead  tiaraee,  or,  at  any  rate,  invagioating  pieces  of  dead  tissue  into  their 
•nbatanM  when  these  hare  becoino  diaintegratcd. 

It  has  long  betm  supposed  that  dead  bono  is  absorbed  by  the  action  of  giant  cells, 
or  oateoclasts  as  they  are  called  (Kutlilcer,  No.  125,  Wegner,  No,  13,  Ivi.,  and 
Zic^Ier,  No.  13,  Ixxiii.)  Zieglcr,  however,  has  very  properly  pointed  out  that 
nmilar  absorption  goes  on  when  such  giant  cells  are  not  prcseuL  List«'r  lupimsed 
that  catgut  becomes  disintegrati-d  by  cells  of  different  kinds  which  inTsde  it  shortly 
after  it  is  embedded  in  a  wound.  In  some  of  the  autlior'n  sjiougc  cx[)eriments,  it 
Ksned  that  a  slight  excavation  of  the  keratode  could  occasionally  be  mode  out 
opposite  the  point  where  a  giant  cell  Lad  become  alGxed. 

Quite  apart,  however,  from  the  fact  that  living  protoplasm  may 
lake  up  tissue  debris,  the  liquids  of  the  tissues  apf;ear  to  have  a 
Meuliar  solvent  or  digestive  action.  Mayer  (No.  50,  Aug.  17, 
1878)  found  that  many  jmrely  chemical  .substances  brought  about  the 
disintegration  of  catgut  when  retained  at  n  lx)dy  temperature.  Thus 
catgut  No.  0  when  i>laced  in  lime  water  became  converted  into  a 
granular  mass  in  twenty-two  days.  In  blood  serum  a  like  result 
followed  but  required  a  longer  time.  Bile  dissolved  the  albumins, 
but  affected  the  gelatine-yielding  constituents  little.  In  urine  the 
threads  soon  fell  into  a  state  of  disintegration  from  solution  of  the 
CMncnt  substance. 

The  author  has  found  that  if  catgut  is  nm  through  the  tissues  of  a 
dead  animal  kept  at  a  bodj'  temperature,  it  undergoes  disintegration 
in  ulwrnt  the  same  time  as  is  required  in  the  living. 

It  is  probable,  tliat  the  juices  of  the  tissue  soften  such  textures  and 
diiwlve  certain  part«  of  them.  There  is,  however,  nothing  against 
the  view  that  leucocytes  or  other  amoeboid  cells   may   remove  the 
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debris  or,  at  any  rate,  part  of  it,  if  they  are  abnndant  enough  in  tba 
neighbourhood. 

Sponge  evidently  becomes  absorbed  in  very  much  the  same  mj 
catgut,  only  it  requires  longer  time, 

202.  Method  of  applying  the  Sponge. — From  the  fact  that  new 
tissue  can  be  built  up  so  easily  ^vithiu  the  sponge,  it  might  well  be 
supposed  that  it  would  exert  a  most  beneficial  influence  in  cauataj 
indolent  ulcers  to  heal.  One  of  the  chief  causes  of  an  indolent  oloer't 
not  healing  is  the  absence  of  the  jiroper  layer  of  young  cicatricial  nib- 
stance  upon  its  floor.  A  thin  layer  of  sponge  laid  over  the  floor 
supplies  the  framework  in  wliich  such  may  bo  formed  in  the  wune 
way  as  a  blood  clot  does. 

A  great  deal,  of  course,  depends  on  how  it  is  applied.  The  wound 
should  first  of  all  be  rendered  aseptic,  and  any  sloughy  ahredB  ahoold 
be  got  rid  of.  A  close -meshed  Turkey  sponge  is  the  best  for  the 
purpose.  It  shoidd  be  cut  into  thin  sections  in  the  freering  niicrotome 
and  the  larger  they  are  the  better.  The  sponge  should  be  wrung 
of  freezing  fluid  "A"  (Sect.  37),  and  be  stuck  on  the  freezer 
mucilage.  The  sections  should  not  be  more  than  from  i^^  to  ^  of  u 
inch  in  thickness,  and  may  be  applied  in  one  large  continuous  piece,  or 
in  several  small  ones.  Great  care  should  be  taken  that  the  spoogB 
does  not  come  nearer  than  ^  to  J  of  an  inch  from  the  epithelial 
as  the  latter  will  be  sure  to  undermine  it  and  prevent  itd  adbe 
In  a  few  days  it  will  be  found  to  be  filled  with  organising 
tissue.  A  second  layer,  considerably  smaller  than  tlie  firsty  the 
now  be  placed  on  the  surface,  followed  by  a  third  and  so  on  until  tkn 
wound  is  healed.  Indolent  ulcers  take  on  a  remarkably  healing  aad 
healthy  look  within  a  very  short  time  of  its  api)lication.  The  ^onge 
before  being  cut  must  be  soaked  in  dilute  solution  of  caustic  pota^ 
for  several  hours,  and  subscquentl}',  in  dilute  nitric  acid  for  a  ni^L 
It  should  be  thoroughly  washed  in  water  after  this,  and  the  sectioii* 
may  be  kept  in  watery  solution  of  carbolic  acid  (1  to  40)  until  re- 
quired. A\'ith  a  large  freezer  (Fig.  1 4)  great  numbers  of  them  can  be 
thrown  off  in  a  few  minutes,  of  exquisite  delicacy  and  beautifoUy 
adapted  to  fit  the  irregularities  of  a  wound.  The  dressing  ahoald  be 
strictly  antiseptic,  the  ordinary  dextrme  silk  forming  an  azeeUeat 
protective  covering. 

AUboagh  u  yet  the  author  has  not  h»A  an  opportunity  of  Ustiag  thno.  it 
IkM  &lw«y*  atompd  to  him  that  the  calcareoox  or  ailiceoas  aponges,  aach  m  titoat 
/bund  in  the  Amazon,  in  which  the  akcleton  is  solid,  would  bo  moat  imftj  far  tba 
repair  of  bone.  They  are  finely  jioroua,  can  be  readily  abap«d  to  any  oavity,  aad 
beaoe  ahoald  be  well  adaptc<i  for  the  organiaation  of  bona  where  •  more  donbb 
tnatvwotk  than  that  found  in  the  onliiiary  keratode  sfioDge  ii  deairable.' 

LUiratttrt  on  Spon^On{/tinf.  —  Adand  :    Urit.   Mod.   Journ.,   1S8S,  L  >.  S06. 
Atkinson :  Whitney  Mem.  Priic  Eaaay,  N.  Y..  1886.     Booth :  Weak.  Mad.  Bav.. 

'  For  an  accoant  of  the  recent  ipplicatlona  to  which  sponge  hns  been  adaytri  ia  the 
haaling  of  woands  coniult  Barnett,  No.  147,  i.  N'o.  S,  June  1885. 
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Chicago,  z.  1884,  p.  8.  Borck:  Week.  Med.  Rev.,  Chicago,  riii.  1883,  p.  351. 
Burnett:  Med.  Bee  N.  Y.,  ixii.  1882,  p.  600  ;  aUo,  Ann.  Surg.,  St.  LoaU,  i.  1885, 
p.  550.  Cody :  Tran<.  Med.  aud  Fhyn.  Boc,  Bombay,  ii.  1888,  p.  39.  Franks  and 
AtM-aham :  Joum.  Anat  and  Pliys'iol.,  xvii.  1882-3,  p.  849.  Hall :  Ediu.  Med. 
Jonrn.,  zxix.  1883-84,  p.  806.  Hamilton:  EMiit.  Med.  Joum.,  ixvil.  1881,  i.  p. 
S86 ;  alto,  Brit  Med.  Jmirn.,  1883,  i.  p.  7.  Kendall :  N.  Car.  Med.  Joum.,  Wilming- 
ton, sii.  1883,  p.  144.  De  Lautour :  Austr.  MeiL  Jnurn.,  1883,  p.  145.  Matthews: 
Week.  Ml^d.  R«v.,  Chicago,  viL  1888,  p.  438.  Perkins:  Brit.  Med.  Joum.,  1SS3,  i. 
p.  51.  PokroTski :  Ra«a.  Med.  VotlcrcRensk,  i.  1885,  pp.  294,  315,  330.  Sanctuary: 
Brit.  Med.  Joum.,  1882,  iL  p.  1202.  Saylor :  Proc  Oregon  Med.  Soc^  Portlwiil,  x. 
188S,  p.  144.  Thomas:  Pittsburg  Med.  Joum.,  iii.  1883,  p.  129.  Thompson; 
Med.  Rec.  N.  Y.,  ixiii.  1883,  p.  567.  Whitman:  Med.  Rec.  N.  Y.,  xxil.  1882,  p. 
402. 

203.  Cause  of  the  org^anisation  of  Porous  Bodies. — Other 
hollow  substances  evideutiy  organise  after  the  same  fa.shion  quiUj  irre- 
spective of  the  material  of  which  thoy  are  composed.  There  is,  there- 
fore, no  specific  property  in  the  sponge.  It  is  siraply  well  fitted  for 
the  purpose  on  account  of  its  porosity. 

In  attempting  to  er[>!ain  why  it  is  that  such  porous  bodies  become 
organised,  considerable  difficulty  is  erjierienced.  The  prime  factor  in 
the  whole  process  seems  to  be  the  tendency  which  the  blood  pressure 
has  to  drive  the  superficial  capillaries  outwards  when  these  are  insuflB- 
ciently  restrained,  and  when  surrounding  conditions,  such  as  those 
afforded  by  the  sponge  framework,  favour  their  supiwrt.  The  other 
tiMOe  changes  seem  to  be  secondary  to  this. 


ORGANISATION  OF  BLOOD  CLOT. 

204.  When  blood  is  effused  and  coagulates  upon  an  abraded  sur- 
face it  will,  in  course  of  time,  become  vascular,  as  originally  pointed 
out  by  John  Hunter,  and  more  fully  demonstrated  by  Sir  J.  Lister ; 
and  apparently  becomes  converted  into  cicatricial  tissue. 

Hanter  (No.  128,  iii.  p,  244)  showed  that  if  hlood  is  effused  upon  on  expond 
hollowed  out  wound,  it  may  romain  u  a  mero  extraneona  body,  without  itaelf  acting 
upon  the  Murface,  but  protecting  the  latter  from  external  atioiulstion.  The  edgea  of 
the  epithelium  tend  to  contract  over  it  as  if  it  were  a  liring  tissue.  The  usual 
practice,  he  wrote,  had  been  to  scoop  out  this  blood,  and  to  apply  warm  dreasingi  so 
••  to  eiioourag«  granulation.  If  it  be  left  alone,  howerer,  the  wound  contracts  and 
faaala  rapidly.  He  believed  the  blood  dot  to  be  a  liying  tissue  (p.  253),  and  de- 
scribed bow  blood  effused  into  a  tissue  becomes  vascularisod  (p.  243).  Lister  (No. 
&9.  Nov.  19,  26,  1881,  pp.  863,  901),  has  shown  that  blood  eftued  into  a  wound 
sets  u  a  protection  against  the  invasion  of  putrefaction.  He  explains  it  by  sup{HM- 
ing  that  the  living  elements  which  cause  its  organisation  confer  upon  it  this  property, 
and  also  that  blood  aorum  is  not  so  favourable  a  soil  for  the  growth  of  the  organ- 
isms of  potrehction  as  is  generally  iiupposed. 

Tlio  blood,  after  being  effused  from  a  blood-vessel,  however,  merely 
acta  as  a  pasoive  agent  in  bringing  aSiout  organisation — it  serves  the 
same  purpose  as  the  sponge  framework.  Any  vitahty  which  its  leuco- 
cjrtfli  may  have  exhibited  immediately  after  effusion,  is  in  a  short  time 
Io«t     In  the  mere  act  of  coagulating  a  great  many  of  the  leucocytes 
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are  destroyed  (iSchmidt),  and  remnants  of  these  are  always  found  in  any 
fresh  clot.  Hence  in  a  blood  clot  there  are  always  relatively  fewer 
colourless  blood  corijuscles  than  in  an  equivalent  quantity  of  blood 
before  coagulation. 

The  first  thing  that  happens  whon  blood  is  effused  on  a  granoiatin^ 
surface  or  into  a  tissue  is  coagulation  ;  at  least,  sucli  is  the  first  thing 
seen,  when  organisation  is  going  to  occur.  Blood,  which  remains  fluid 
when  effused  into  a  tissue,  is  either  all  immediately  absorlxid  or  be- 
comes incapsuled  by  a  layer  of  fibrous  tissue.  A  mass  of  blodi  hsAnng 
coagulatf<l  in  or  upon  a  recent  wound,  the  next  thing  obsen'e<l  is  that 
the  blood-vessels  of  the  underlying  parts  begin  to  dilate  and  to  lie- 
come  tortuous.  The  connective  tissue  corpuscles  around  thrm 
also  commence  to  show  unusual  signs  of  activity.  The  interfi 
•paces  become  oedematous,  and  each  connective  tissue  corpuscle  di 
into  several  new  cells,  the  young  brood  so  produced  occupying  the  spacei.^ 

The  next  change  perceived  in  the  now  tortuous  and  distended 
blood-vessels  is  that  they  are  displaced  and  pushed  outwards 
towartls  the  clot  which  is  lying  on  the  suifactj  of  the  wound.  Tb« 
blood  clot  is  an  excessively  porous  substance.  It  is  more  minutely 
porous  than  the  finest  sponge.  The  fibrin  forms  a  network  containing 
only  a  few  blood  corpuscles,  while  the  serum  is  squeeised  out  of,  or 
drains  away  from  the  interstices.  It  is,  therefore,  a  tissue  which,  if  its 
assumed  vital  properties  be  laid  aside,  is  like  a  sponge  in  its  structure, 
both  being  composed  of  a  delicHt«  framework  with  large  and  small  meshes. 

The  blood-vessels  which  have  been  pushed  into  the  clot  from  neigh- 
bouring parts  bear  with  them  great  numbers  of  the  actively  proliferat- 
ing connective  tissue  corpuscles,  derived  in  the  above-described  izuoumt 
from  the  adjacent  connective  tissues.  Coming  in  contact  with  tlie 
bloo<l  clot,  these  penetrate  into  its  interstices,  and  very  soon  fill  its 
interfibrinouB  spaces.  Almost  immediately  after  this  has  taken  place, 
the  fibrinous  network  disappears — it  falls  to  pieces — and  the  blood  co^ 
puscles  of  both  kinds  can  be  seen,  at  the  edge  of  the  clot,  to  under^go 
a  similar  fate.  They  become  granular,  colourless,  apparently  in  some 
cues  fatty,  and  then  they  disintegrate. 

The  vascular  loops,  surrounded  by  their  tissue -forming  cells, 
continue  to  |>enctratc  further  and  further  into  the  clot ;  and  as  sncoo*- 
sive  meshes  of  the  fibrinous  network  are  filled  by  them,  thoy  caoar 
its  destruction,  until  the  whole  clot  becomes  in  this  way  removed,  it* 
jiatt  bting  taken  by  new  vessels  and  the  above-described  cicatricial  d^ 
ments.  Tlio  latter  soon  elongate  into  spindle  cells,  and  these,  in  fron 
three  weeks  to  a  month,  become  transformed  into  fibrous  tissue.  (See 
further,  Thrombosis,  Sect  206.) 


ORGANISATION  OF  FIBRINOUS  LYMPH— ADHESIONS. 

205.  Fibrinoiu  lymph,  or  as  it  is  sometimes  called,  a  falMe  matbnmf, 
ia  simply  a  modified  blood  clot     It  is  compoaod  of  the  fibrin  which 
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they  have  usually  quite  a  sponge  like   consistence 
79). 

If  a  false  memy)rane  form  in  a  serous  cavity,  suf 
car<lium,  the  immediate  effect  is  to  cause  the  surfaces  to  i 
there  he  not  too  great  a  quantity  of  serum  present 
The  union  is  sUght  and  easily  separable  at  first,  but 
weeks  to  a  month  becomes  much  firmer,  owing  to  the 
having  been   replaced   by  fibrous   tissue;   that  which 
fibrinous  and  temporary  has  now  }»ecome  fibrous  and  pc. 

The  means  by  which  this  result  is  achieved  in  all  bo 
alike.  Let  us  take  the  pericardium  in  acute  fib: 
ditis  as  the  basis  of  the  description  (see  Fig.  103). 

Tlie  fibrin  coagulates  upon  the  surface  of  the  epii 
that  of  the  serous  layer  of  the  [Xiricardium  in  villus-lik 
layers  in  coarse  of  time  coalesce  {F.E.S),  and  the  nel 
by  its  intertwining,  forms  tho  temporary  bond  of  ui 
after  this  has  occurred,  the  vessels  in  the  pericardium 
the  epicardium  and  subepicardial  tissue,  become  much  i1 
tortuous,  and,  just  as  in  the  organisation  of  sponge  or 
thrown  out  from  the  surface  into  the  meshes  formed  \ 
lymph.     Contemporaneously  with  this,  the  whole  of  tli 
constituting  the  pericardium,  tho  epicardium,  and  tbe^ 
immediately  underneath  are  thrown  into  a  state  of  gennt* 
and  a  host  of  new  cells  is  thus  formed.     The  musci 
the  wall   of   the    heart   sometimes   even   participate   . 
elastic  fibres  which  lie  in  the  epicardium  show  no 
of  a  progressive  or  retrogressive  character.     They  ca 
discovered    forming   a  dark   line  in  sections   through 
cicatrised  pcricanJial  adhesion. 

A  few  leucocytes  also  exude  after  the  acute  influii 
and  these  mix  with  the  cells  derived  from  other  sources, 
vanish,  however,  very  soon  by  a  process  of  diainte;. 
leucocytes  which  have  been  entangled  primarily  in  the  fi 
become  destroyed  at  a  very  early  period,  many  prohabl 
OOftgulation.  Those  which  are  left  become  very  gntn 
and  fall  to  pieces.  They  lose  their  power  of  staintn 
staining  reagents,  and  hence  are  readily  distinguish 
fibroblasts  which  stain  deeply. 

As  soon  as  the  new  fibroblasts  are  called  into  ezi> 
poshed  out  on  to  the  free  surface,  that  is  to  say,  into 
sac  A  layer  {M.O.L  and  P.O.L),  forms  on  each  f 
attached  respectively  to  the  surface  of  the  heart  (Af.C),  < 
cardium  (/'.<-')•  Tlds  layer  is  composed  of  round  ar. 
and  is  identical  in  appearance  with  that  which  lies  dc* 
lating  wound  (Fig.  96/.),  or  which  is  the  means  of  nniiK 
wound  by  the  first  intention. 

As  its  cells  are  pushe*!  farther  and  farther  into  thi 
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they  displace  the  fibrinous  lymph  and  infiltrate  its  meshes.  Long 
rows  of  such  cells  can  be  seen  penetrating  the  fibrinous  interspaces. 
Immediately  on  these  becoming  invaded,  the  network  of  fibrin  falls  to 
pieces  and  is  absorbed,  and  as  this  absorption  goes  on  from  each  side 
of  the  cavity,  the  amount  of  fibrin  is  steatlily  reduced  in  quantity  anil 
becomes  more  and  more  confined  to  the  centre  of  the  sac.  The  twci 
org^anising  layers  ultimately  meet  and  eoalescf,  at  first  partially 
with  islands  of  fibrinous  lymph  between  them,  but  afterwards  without 
any  intermediation.* 

The  round  cells  and  spindles  of  which  the  two  organising  layers 
primarily  consist  become  converted  in  time  into  fibres,  so  that  before 
long  a  permanent  fibrous  union  results. 

If  the  steps  of  the  process  just  described  be  compared  with  those 
of  healing  by  the  first  intention,,  it  will  be  noticed  that  in  the  two  they 
are  identical.  In  fjoth,  a  layer  of  fibroblasts  grows  up  respectively 
from  each  side  of  the  wound  or  serous  cavity.  In  lx»th,  the  lymph 
or  blood  clot  which  temporarily  retains  the  surfaces  in  apiwsition  is 
absorbed ;  and  in  both  the  source  of  the  permanent  adhesion  is  to  be 
Booglit  in  a  fourth  of  the  new  cellular  elements  from  the  old. 

LtienUvn  on  Organitatitm  qf  Porout  Subilarua,  Blood-CItdt,  tU. — Ball :  Dub.  Journ. 
Med.  Sc,  bcii».  1882,  p.  2S0.  Foulia  :  Behaviour  of  B.-Clot  under  Antiseptic  Condi- 
tioD&i  1877.  Lamaller^e  (Animal  Graft) :  Soc.  de  tc.  mid.  do  Ganat,  Comi>t.  rvnd., 
xizv.  1881,  p.  42.  Porritt :  Edin.  Med.  Joum.,  xzriL  1881-2,  p.  97S.  Rosenberger  : 
Arch.  f.  klin.  Chir.,  xxv.  1880,  p.  771.  White  :  Med.  R«c,  N.  Y.,  xxui.  1883,  p.  564. 
Ziegler  (Giant-cella  and  Leucocjrtea] :  Centralbl.  f.  d.  med.  Wisaaiuich.,  sU.  1874,  p. 
601. 


'  Wbetbor  the  blood-Teasela  inosculate  firom  either  side  the  author  cannot  My ; 
Virchow  was  able  to  itijoct  the  cue  vide  of  certain  adiieiiiouii  from  the  other. 


CHAPTER   XIX 
HELVLIXa  OF  WOUNDS  AND  ORGANISATION— (Oo»U«mi«0 

Thrombosis  and  Healing  of  Blood-vessels. 

206.  Definition. — By  a  thrombus  is  meant  a  dot  hcaUy  /ormtd  wiAim 
ttit  heart  or  a  hlood-vtssd.  In  the  case  of  a  vein  it  is  known  w  a  reooD* 
thrombus  in  that  of  an  artery  U3  an  arterial. 

207.  Determination  of  Coagulation. — The  condition*  which 
cause  the  blood  to  coaguhtte  within  a  vessel  are  probably  as  yet  not 
thoroiii,'hly  understood.  Richiird-son's  (No.  220,  1858,  p.  193  and 
M!g.)  and  Brucke's  (No.  13,  xii.  aud  No.  148,  January  1857,  p.  183) 
researches  have  shown  that  the  mere  interruption  to  the  flow  of 
blood  through  the  channel  of  the  vessel  is  not  sufficient  to  occasion  it ; 
and  Lister's  experiments  (No.  59,  8th  Aug.  1863)  have  added  much 
confirmatory  evidence  to  these  results.  When  a  vessel  is  doubly 
ligatured,  it  by  no  means  necessarily  follows  that  the  blood  within  it 
cuagiilut<:g. 

By  all  the  early  workers  on  this  subject,  such  m  Virchow  (No.  129,  pp.  21^ 
732),  Cobnheim  (So.  31,  L  p.  134),  Zahn  (No.  13,  bcii.  p.  81),  Bsnmgsrteo  (No. 
CO,  1876,  No.  -xxxiv.),  aud  Hlar*  (No.  104,  xviL  1883),  it  ha*  Wn  taken  kg 
granted  that  the  coIourlcM  corpuscle*  ar«  in  the  doaest  manoor  nlstad  to  thronibas 
fortnation.  Zahn  (loe.  eil.),  from  obtervationa  on  the  living  mesentery  of  the  tn^ 
foiiiid  that  whun  t\w  wall  of  a  vessel  was  injured,  the  colourless  corpnselas  socnm* 
late  round  the  injurol  part,  constructing  what  he  called  a  white  thrombp*.  ^M 
oorpnades  subsequently,  in  great  part,  disintegrate  and  ^t»  rise  to  a  gtannlar  m 
Istion  which,  by  it*  action  npon  the  fibrinogen  of  the  blood,  causes  a  ptedpitatfea  of  ^ 
fibrin.  Red  c«rpu!i(-.|i»  aiv  aiterwarda  liable  to  become  entangled  in  the  mass,  and 
thn«  an  ordinary  red  thrombus  may  result.  Wooldridge'a  experiments  (No.  ItO, 
18R1)  Itad  a  likti  tvndmcy,  in  attributing  the  eoagulatire  powers  of  the  blood  to  tfaa  i 
I(<uooi'yt«a  contained  in  it 

The  discovery  of  the  tuematoblasts  or  blood  plates  in  the  blood 
by  llayem  and  Bizzozcro  (see  Sect  145)  has  given  a  new  impetus  to 
tlia  study,  with  the  effect,  that  of  late  years  some  very  im])ortant 
additions  have  been  made  to  our  former  knowledge.     TbeM  hienuito* 
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blasts  have  a  peculiar  tendency  to  adhere  to  any  foreign  bodies,  and 
are  destroyed  in  the  act  of  coagulation. 

208.  Eberth  and  Schimmelbusch  on  Thrombosis. — Eberth 
and  Schimmelbusch  (No.  13,  ciii.  1886)  have  studied  the  early  stages 
of  thrombus  formation  in  the  living  mesenteric  vessels  of  warm-blooded 
animals  (guineu-pig  and  dog)  with  great  care,  and  the  summary  of 
their  results  is  briefly,  as  follows : — When  the  mesentery  is  first  ex- 
posed, with  duo  precautions  (see  Sect.  165),  the  circulation  shows,  as 
in  a  cold-blooded  animal,  an  axial  and  a  peripheral  Stream. 

The  blood  plates  run  with  the  coloured  blood  corpuscles  in  the  axis 
while  the  colourless  corpuscles  roll  along  in  the  periphery,  a  few  of 
them  getting  occasionally  tossed  into  the  axial  current. 

As  the  current  becomes  slower,  the  leucocytes  tend  to  bo  retarded 
in  their  progress  onwards,  and  accumulate  in  the  periphery.  In  course 
of  time,  the  blood  plates  also  separate  from  the  blood  current  and  simi- 
larly accumulate  at  the  periphery.  When  a  vessel  is  injured,  as  by 
tying  a  ligature  roimd  it  and  removing  this  in  a  quarter  of  an  hour 
afterwards,  the  blood  plates  have  a  pecuUar  tendency  to  adhtrre  to  the 
injured  part  of  the  tunica  intima  (see  same  authors,  No.  13,  cv.  p. 
331),  and  to  each  other. 

This  mere  conglutination,  as  they  call  it  (No.  13,  cv.  p.  466), 
is  different  from  the  act  of  coagulation,  which  in  reality  is  a  process 
of  crystallisation. 

A  thrombus-like  mass  of  blood  plates  is  thus  constituted,  and 
it  is  this  which  serves  as  the  basis  of  the  future  thrombus. 

The  authors  find,  however,  that  it  is  not  every  injury  of  the  wall 

which  will  bring  this  about.     It  is  specially  where  irregularities  of 

[the  tunica  intima  are  present,  that  such  a  thromlius  is  de[)ositod.     So 

long  as  the  circulation  within  the  ves.scl  is  natural,  the  blood  plates, 

floating  as  they  do  in  the  axial  current^  never  touch  the  wall,  and  if  the 

stream  is  not  interrupted  in  its  course,  the  mere  injury  to  tlie  wall  will 

not  occasion  it.     It  is,  therefore,  tho  impingement  of  the  blood  plates 

against  the  irregularities  of  thp  wall  which  they  regard  as  the  essential 

(actor,  and  hence  the  readiness  with  which  thrombotic  deposits  take 

[place  on  cardiac  vegetiitions  and  on  tho  wall  of  a  vein  roughened  by 

[phlebitis.     These  blood  plates,  as  the  circulation  through  tho  obstructed 

[TeMel  becomes  impeded,  determine  tho  formation  of  fibrin,  and  this  en- 

l  tangles  more  and  more  of  the  coloured  corpuscles  in  its  meshes. 

Bizzozero's  Observations. — Bizzozero's  results  (No.  13,  xc. 
p.  261)  entirely  coincide  with  these.     He  states  that,  if  a  vessel  of  the 
ntery  is  simply  jnnched,  the  blood  flattJS  accumulate  round  the 
QJured  wall  in  almndance,  and  further,  that  pieces  of  those  may  l)e- 
,eomo  detached  ami  carri6<l  otf  in  the  current  as  blood-plate  emboli. 

209.  Hayem's  Results. — Ilayem's  experiments  on  thrombosis 
(No.  40,  xcvi.  No.  X.)  point  in  the  same  direction.  He  has  also  studied 
the  effect  of  the  introduction  of  certain  substances  into  the  circulation 

tvpoD  the  power  possessed  by  tho  blood  of  precipitating  a  thrombus  (No. 
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40,  xcvii.  No.  iii.).  He  doubly  ligatures  the  jugular  vein  on  the  one 
side,  injects  the  substance  to  be  experimented  with  into  the  circulation, 
and  afterwards  ligatures  a  corresponding  part  of  the  jugular  vein  on 
the  opposite  side.  The  blood  in  the  former  remains  fluid  for  ii  long 
time,  but  that  in  the  latter  coagulates  with  a  rapidity  corresponding 
to  the  substance  injected.  One  of  the  most  powerfiil  means  of  deter- 
mining coagulation  i-i  the  injection  of  the  animal's  own  serum,  or 
that  of  an  animal  of  the  same  genus.  Distillod  water,  solution  of  fibrin 
ferment,  06  jwr  cent  solution  of  common  salt,  and  blood  deiibrinated 
or  not,  raise  the  coagulability.  Serum  taken  from  another  animal, 
as  for  instance,  ox  serum  injected  into  the  dog,  occasioned  a  form  ol 
curdling^  but  not  true  coaptation. 

Lilerature  on  Cfujvlation  qf  Iht  Biood.—A3XMXA'.  GftO.  mod.  ital.  lomb.  Hilano,  iU. 

1881,  p.  105.  Bojanus :  Baltriige  z.  Physiol,  u.  Path.  A.  Blutea,  1881.  Cadet :  t/Otim 
phytiol.  d.  ileminU  figures  d.  wag  et  en  paiticalier  des  haematobluU,  1881.  Dnaoc  t 
N.  Y.  MwL  Jonra.,  xzxiv.  1881,  p.  \  tlttq. ;  Ibid.,  xxxr.  1882,  p.  843.  Fano :  C«n- 
tnlbL  t  A.  ined.  Wiuentch.,  ix.  1882,  p.  210.  Feiertag:  Beohachtnngeu  tlk.  •!.  fcgen- 
luuiUii  Blutplittchen.  1883.  Fr*d<ricq:  Rev.  Hcient.,  xix.  1880,  p.  M7.  Freund  : 
Wien.  med.  Bl.,  Ix.  1886,  p.  2g<S ;  aUo,  Me<i.  Jahrb.  Wien,  i.  188«,  p.  46.  Gamgee  : 
NotM  on  .  .  .  Don-ezbteooe  of  AnunonU  in  Blood,  1865 ;  alto.  Some  Old  ami  Nvt> 
Experiments  on  the  Fibrin-ferment,  1879 ;  alto  (Excellent  Historical  Account),  Phyiio. 
logical  Chemistry.  Hammeraten :  Archir.  f.  d.  ges&mt.  Physiol.,  xriL  1878;  iM^  ; 
XTuL  1878;  Ibid.,  xiv.  1877;  I  hid.,  xix.  1879.    Haaebroek:  ZtKhr.  1  BioL,x«iL^ 

1882,  p.  41.      Haycraft:  Birm.   Med.  Rev.,    xriL   1885,  p.  193;  aim,  Jonm.   Am 
and  Physiol.,  iiii.  1888,  p.  172.     Heniy :  Arch.  Med.,  N.  Y.,  liu  1884,  p.  242.    Hal^  I 
mann:  Beitrag  xnr  Physiol,  u.  Path.  d.  farblosen  Blutkorperchen,  1881.     Holzmaaa:'! 
Arch.  f.  Physiol..  1885,  p.  210.     Howell :  Johns  Hopkins  Univ.  Circ..  Bait,  Ul.  1884, 
p.  128;  alto  (New  Elements),  Science,  Ciuiib.,  iU.  1884,  p.  46.     Kemp:  Am.  MosUl 
Micr.  Joaru.,  viL  1886,  p.  181.     Laker:  Sitzungsh.  d.  k.  Akad.  d.  Wiaienadi^  IxzzrL 

1882,  p.  173.     Lingbeek :  Over  het  klinisch  onderzoek  der  morpholoigisehe  hratiii 
deeien  vaa  bet  bloed,  1884.    Ldwit :  Bcitrlige  i.  d.  Lehre  r.  d.  Blatgertnnnag,  1684; 
aim,  Png.  mad.  Wochnachr.,  xi.  1886,  p.  63.    Mayet :  Arch,  de  Phyriol.,  ix.  1S83,  |k.  1. 
Norria :  Unccrt,  1883,  iL  p.  138  ei  »eq.    Picot :  Gaz.  heb.  d.  Sc.  m^d.  de  BonUaiu,  H. 
1884.  p.  US.    Renaut :  Arch,  de  Physiol.,  viii.  1881,  p.  649.    Robin  :  Joum.  da  YAm 
•t  PhysioL,  xviL  ISSl,  p.  331.    Salvioli  (DiasUUe  Ferment) :  Ceatnlbl.  (.  d.  ai 
Wtsaenseh.,  xxiii.  1885,  p.  913.      Sappej :  Les  ^l&nents  figure  du  sang,  etc  ISSl, 
Schmidt:  Haematologischo  Studicn,  1865;  Archiv.  f.  d.  geaamt.  PhysioL,  xL  1875  ;  i 
ArehlT.  f.  Anat  tt.  Physiol.,  1862  ;  Uebcr  Men.schenMut  ii.  ProKhblut,  1881  ;  Arch.  d.  ^ 
Pfayi.,  iz.  1882,  p.  518  :  Ibid.,  xi.  1883.  p.  112.    Weigrert  (Review  of  Utert  TbMttM) :  i 
Fortachr.  d.  Med.,  i.  1883,  pp.  373,  405.    Wootdridge:  Joiira.  PhysioL,  Cainb,,  i*. 

1883,  p.  367  ;  aUo,  Practitioner,  xxxtL  1886,  p.  187. 


ORGANISATION  OF  THE  THROMBUS. 

210.  When  a  vessel  becomes  occluded  by  a  thrombus,  thm*  k  ll 
groat  tendency  for  the  latter  to  become  organised.  The  organisa- 
tion commences  nearest  the  ^rall  (see  Fig.  104)  and  spreads  inwarda 
A  layer  of  rottod  and  spindle  cells  forma  at  the  periphery  of  tlva 
thrombus  and  gradually  encroaches  upon  it  BIood-vesMis  m  I 
abunduntly  projected  into  the  clot  along  with  these  organising 
elements,  so  that  a  species  of  granulation  tissue  (ff,if)  comes  in 
course  of  time  to  occupy  the  lumen  of  the  veasoL 

While  the  thrombus  is  young  it«  channels  can  be  readily  tilled  with 
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injection  from  the  main  trunk,  arnl  tlris,  ns  pointed  out  by  Paget  (No. 
23,  p,  208),  was  taken  by  John  Hunter  and  Stilling  to  signify  that 
the  clot  became  vascular  from  the  channel  of  the  occhuled  vessel 
independently  of  the  vessel  wall.  According  to  Paget  the  vessels 
usually  enter  the  organising  clot  in  dogs  in  the  fourth  week,  by 
which  time  it  has  become  partially  organised.  The  author's  own 
obeervationa  on  vessels  ligatured  after  amputation  in  the  human 
subject  coincide  with  this.  They  are  usually  found  about  the  end  of 
the  third  week  in  considerable  abundance. 


'^^ 


:V~.^ 


•^mift 


Tm.  lOi.— Oaa^aianro  TaBOKBPs.    IimckXiX  BAriuworB  V*ii>  (xU  Diams.) 

(uX  lAmitiK  of  tbtmnlma ;  ((X  taolcs  Intiroa  froin  wbJdi  proenMs*  {g,ii)  in  projected  lota 
tb«  Ibramlnu ;  (c)  miucoUrta ;  (d)  areoUr  cott ;  (r)  E>t  cmUide  the  mmt ;  (/)  anMll  srtury 
(Tkiii  wiiiilin  tad  FuTMita'  bolutioo). 


Webar'i  beautiful  injections  (No.  115,  i.  p.  144)  of  dinded  and 
ligatured  arteries  show  that  they  are  derived  from  the  vasa 
vasonim.  Any  other  channels  which  can  be  injectt-d  from  the 
continuity  of  the  vessel  above,  are  merely  fissures  in  the  clot  The 
blood-vessels  generally  sprout  out  from  the  lacerated  tissues  close  by 
the  ligature.  He  figures  a  distinct  continuity  of  the  above  channels 
with  the  latter,  but  such  appearances  arc  deceptive.      The  vessels 
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seem  to  sprout  from  the  lacerated  coats  of  the  vessel  like  granuLitioD 
loops. 

As  thoy  aro  pushed  inwards,  they  carry  with  them  org^anistng^ 
elements,  and  these  ramifying  throughout  the  thrombus,  cause  its 
destniction,  and  ultimately  its  absorption.     They,  however,  furoislij 
the  materials  for  organisation,  and  it  is  by  means  of  thCSC,  not  out  of 
the  dot,  that  the  permanent  cicatrisation  is  effected. 

Partial   Orijanisation. — Sometimes  a  vessel  may  be  seen  in  which 
the  cicatrisation  is  only  partially  effected,  from  portions  of  the  throm- 
bus   having   been   absorbed    or    tunnelled   out   before   being   in- 
filtrated with  the  new  elements.      By  the  meeting  in  the  centre  of 
the   lumen  of  the  organising   masses  of  granulation-like  tissue,   and 
by  their  coalescence,  several  channels  may  thus  be  established  through 
which  blood  ultimately  circulates.     This,  however,  is  unusual     ^Vhe^•  j 
the  thrombus  is  cxtensivo,  it  most  commonly  hapi>en8  that,  partly  by  ^ 
the  uniform  thickening  of  the  tunica  intima  caused  by  the  doposi-  < 
tion    of    cicatricial    elements   within    it«   substance,    partly   by    the  i 
projection  inwards  of  granulation  loops,  the  whole  channel  become* 
completely  obliterated.     A  little  pigment  is  all  that  remains  of  the 
original  Ihrombtis. 

Origin  of  New  Elements. — ^V^li]e,  as  just  remarked,  there  is 
not  much  doubt  that  the  thrombus  organises  from  its  periphery  to  ita 
centre,  there  is  very  considerable  diversity  of  opinion  as  to  where  the 
new  elements  come  from. 

Baumgarten  (No.  50,  Aug.  19,  1876.  No.  xxxir.),  deacrifaing  the  pm 
oooaning  in  a  doubly  ligatured  artery  iu  the  rabbit,  traced  them  to  tlw 
Inti*"' .  and  more  iMuiJaalarly  to  its  endotheliuni.  The  new  elementa  h« 
accumukUs  in  the  folds  of  the  inner  elastic  lamina,  and  gradually  encroaeJi 
till)  thrombus,  which  meanwhile  lofteni  in  the  centx«.  From  the  points  of  ligatni*  I 
above  and  below,  new  titaac  is  also  projected  inward*.  The  part  taken  by  the  cM  I 
ia  organiaation  is  abaolutely  nil.  Woldeyer's  (No.  13,  xL  pp.  379  and  801)  aoll 
ThiMBch's  (No.  116,  i.  pp.  650,  556)  researches  practically  jioint  to  the  same 

In  the  year  1879,  however,  Scnftlcbcn,  working  under  Cohnheim's  direction, 
pnblishcd  a  paper  (No.  13,  Ixxvii.  p.  421)  in  which  he  endeavoured  to  diaprors 
what  Baumgarten  and  others  had  reoordad  of  the  source  of  the  new  elements,  with  a 
tendency  to  revert  to  the  old  idea  of  the  organisation  from  l«ucoc]rt««.  His  con- 
clusions mainly  rested  on  what  is  known  as  the  Senftleben  experiment,  which 
oonoistod  in  doubly  tying  a  vessel  such  as  the  aorta  in  an  animal  (rabbit)  which  hiKi 
bean  dead  for  three  days,  and  introducing  it  into  the  abdomen  of  a  second.  IU  ' 
fonnd  that  the  piece  of  vesaol  t>eeomea  organised  in  exactly  the  same  way  aa  om  I 
which  is  living,  and  in  course  of  time  is  obliterated  by  gianuUtion  tiaaoa  y 
with  abundant  blood-vessels  forcing  its  way  into  it.  He  ooncladcd  that  tht 
andothelium  bora  could  have  nothing  to  do  with  the  proeeM. 

SchulU  (No.   130,  ix.  p.  84;  Ko.  50.  Mar.  2,  1878,  No.  iz.}  supportetl 
views.      He    could    perceive    no   proliferation   of   the   endothelinm   io   a  doab^J 
ligatured  living  vessel ;  and  by  using  coloured  particle*  such  aa  cumabar,  he  i 
ont  that  the  cells  outside  the  vessel  absorbed  them  and  af^rwards  found  their  \ 
through  its  trail  into  the  thrombus.     He  take*  for  granted  that  they  w«r« 
Cjtes.     The  same  thing  occara  when  an  artery  is  closed  by  a  single  Ugatnrs. 
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Burdach  (No.  181,  and  No.  13,  e.  p.  217,  1885)  has  repeated  Senftleben's 
experiment  with  the  carotid  artery  of  dead  oxen  and  rabbits,  and  fonnd  that,  aa 
8«nftleben  htul  alTirmed,  the  interior  of  the  Teaaei  becomes  tilled  with  organising 
tta«a«  containing  ntimeroua  blood-resaela  and  cells.  These,  however,  he  declares  got 
in,  not  through  the  intact  wall  of  the  Tcsael,  but  from  its  injured  ends.  Baab  (No. 
132,  xxiiL  p.  156  ;  and  No.  50,  May  31,  1879)  looks  upon  the  endothelium  as  the 
ezclnaive  soqrce  of  the  elements  of  repair;  while  Foa  (No.  133,  lit  No.  iv.)  and 
Pfitier  (No.  13,  IzxviL  p.  397)  trace  them  to  both  the  endothelium  and  to  the 
penetration  of  granulation  tissue  throagh  the  wall 

The  author's  own  observations  lead  him  to  believe  that  the 
whole  of  the  tissues  of  the  tunica  intiraa,  endothelium  included,  are 
the  means  of  initiating  the  organisation ;  hut  that  vessels,  in  course  of 
time  are  projected  into  the  thrombus  from  the  wounded  or  from  the 
sound  parts  of  the  wall,  which  aid  in  completing  the  process  by 
furnishing  new  fibroblasts  which  ramify  throughout  the  dot 

The  Senftleben  experiment  proves  nothing.  We  have  seen 
(Chap,  xviii.)  that  any  hollow  body  introduced  into  the  peritoneal 
cavity  becomes  organised.  No  doubly  the  wall  of  the  dead  vessel  he 
employed,  like  any  other  animal  tissue,  became  softened  and  pervious 
within  a  few  days  after  its  introduction,  thus  allowing  organising 
vessels  and  cells  to  penetrate  it  readily.  That  these  cells  were 
leucocjrtes  he  fails  entirely  to  verify ;  so  that  this  experiment 
certainly  does  not  disprove  that  the  living  tunica  itltima  may  partici- 
pate in  the  process.  It  simply  adds  one  more  fact  to  what  was  already 
known,  namely,  that  a  ligatured  hollow  animal  tube  will  become  filled 
with  organising  tissue  if  placed  under  proper  circumstances. 

LiUratun  on  Thrombotii. — Baumgarten  :  Berl.  kliti.  Wochn»cbr.,  xxili.  1886,  p. 
S8S.  BizsoMTO :  Oentralbl.  f.  d.  meil.  WUsiuech.,  ix.  1882,  pp.  17.  563.  Buettncr : 
Ueb.  Thrombose  n.  Embolic,  B«rl.,  1874.  Delipine :  Brit.  Med.  Jourti.,  1887,  ii.  p. 
40.S.  vonDiiringr:  Deut.  Zeitschr.  f.  Chtr.,  zxii.  I8SS,  p.  425.  Eberth  and  Schim- 
melbusch:  Fort*i:hr.  d.  Med.,  It.  1886,  pp.  115,  417,  581.  Freund  :  M«a.  .labrb., 
Wien,  i.  1886,  p.  46.  Hanau  :  Fortachr.  d.  Med.,  Iv.  1886,  ji.  386.  Htiytm  :  France 
raeiL,  i.  1883,  p.  366.  Humphry:  Coag.  of  Blood  io  Veins,  Camb.,  ISbff.  Nonae: 
Deot  Arch.  f.  klin.  Me<l.,  xxivii.  1886,  p.  241.  v.  Recklinghausen  :  Arch.  f. 
path.  Anat.,  C.  1885,  p.  603. 


CLOSURE  OF  A  LIGATURED  ARTERY. 

211.  The  appearances,  as  regards  the  thrombus  at  least,  in  ligatured 
arteries,  vary  greatly,  according  to  whether  the  vessel  be  secured  with 
catgut,  under  antiseptic  precautions,  or  whether  it  be  ligatured  with 
silk,  and  putrefy.  In  the  former  case,  the  clot  which  is  found  in  the 
ligBture<l  vessel  is  extremely  small  and  filiform,  seldom  filling  the 
vessel,  and  is  sometimes  practically  absent;  while  in  the  latter,  it  usually 
ia  volaminotis  and  extends  up  to  the  first  branch  of  any  size.     The 

al  nevertheless  closes  as  quickly,  if  not  more  so,  in  the  former 
in  the  latter,  and  the  process  ends  by  the  vessel  becoming  con- 
»d  into  a  fibrous  cord  in  whakver  portion  the  blood  has  ceaud  to  flow. 
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The  closure  of  the  channel  undoubtedly  takes  place  in  the  manner 
previously  described  (Sect.  210),  namely,  by  a  thickening  of  the 
tunica  intima,  more  especially  in  parte  distant  from  the  ligature, 
and  by  gfranulation  tissue  being  forced  into  the  vessel  at  the  jtoint 
of  occlusion.  The  formation  of  a  thrombus  witbia  it  is  quite  un- 
necessary. 

When  a  ligature  is  applied  in  the  continuity  of  an  artery  or  to  a 
divided  artery  in  a  wound,  provided  the  ligature  be  at  some  dist 
above  the  cut  end,  the  ol.tliterative  process  seems  to  go  on  both  aboi 
and  below.  The  part  below  the  ligature  becomes  infiltrated  with 
granulation  tissue,  and  if  it  dies,  is  in  course  of  time  absorbed. 

It  is  seldom  that  the  thickening  of  the  tunica  intima  is  symmetrical 
when  the  vessel  is  ligatured  (Fig.  105). 

.-^^^^^ 
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Wig.  100.— Caoa  SacnoH  or  ax  AJiTcar  a  ■■o*r  DorrAaca  aboti  nu  LiOATinw 
(xM  DiAjo.) 

(a)  Toslu  adTratltta ;  <t)  tUekeiMd  tanlo*  latliiu ;  <c)  InMr  tUattc  Umliu  rPtcr»-eumiai*l 
nvimnti'  8olDtioii)i 

Fate  of  the  Ligature. — In  the  case  of  catg^ut  little,  if  any,  tnw* ' 
of  the  ligature  will  be  found  after  thirty  days.  Round  large  trunks  at 
the  point  of  dcligrilion,  there  is  in  Man  after  this  time  a  narrow  fib- 
rous ring  similar  to  that  recorded  by  Lister  in  the  calf  (N'o.  59, 
Feb.  6  and  12,  1881,  pp.  201,  275).  The  dead  Usmie,  as  ho  remarked, 
becomes  superseded  by  the  living.  Silk  remains  longer  in  the  tivur, 
and  the  result  justifies  such  an  assertion  even  more  than  in  the  cmo  of 
catgut.  It  acts  primarily  as  the  vwiid  in  which  the  rwHmX  ligahm 
composed  of  living  cicatricial  tissue— becomes  shaped ;  but  being  aA 
animal  structure,  it  is  itself  in  course  of  time  absorbtMl. 

212.  Healing  of  an  Artery  when  simply  Wounded.^I{  aa 
artery  be  wounded,  and  if  a  ligature  be  nut  applied,  it  may  h«al 
spontaneously,  although  there  is  great  danger  of  haamorrhage  conuag 
on  even  when  organisation  has  pretty  well  advanced.    Tba  Uooa 
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coagulates  round  the  cut  edges  of  the  wall  by  the  blood  plates 
Mcamulating  upon  it  (Sophie  Lubiiitzky,  No.  104,  xvii.  1883). 
There  sometimes  forms  round  the  wound  a  sac-like  or  aneurismal 
mass  (Zahn  and  Pfitzer).  The  edges  of  the  wound  never  unite  by 
primary  union.  Into  the  wound  or  ratlier  the  clot  obstructing  it, 
there  then  grows  a  quantity  of  granulation  tissue  from  without, 
the  Teasels  of  which  bear  with  them  the  elements  of  repair,  and  in 
this  way  it  is  closed. 

213.  Closure  of  Vessels  from  other  Causes. — The  vessels  of 
the  embryo,  which  in  extra-uterine  existence  cease  to  transmit  the 
blood,  are  closed  by  a  thickening  of  the  tunica  intima,  similar  to  that 
JQSt  described,  and  the  same  may  be  said  of  those  of  the  uterus  after 
atero-gestation.  In  various  pathological  states  the  arteries  become 
narrowed  or  occluded,  also  by  a  thickening  of  the  tunica  intima 
(see  "  arteriitis  obliterans " ) ;  and  in  all  these  cases  it  occurs 
irreq)ective  of  the  deposition  of  a  thrombus.  In  fact,  as  Paget  (^o. 
23,  p.  207)  remarks,  w/wn  any  jxirt  of  an  artery,  through  any  cause,  ceaaet 
to  be  traversed  by  lihyexl  its  lumen  becomes  obliterated.  The  means  by 
which  this  is  accomplislied  is  by  a  deposition  within  the  intima  of  new 
cicatricial  materials.  These  give  rise  to  a  thickening  of  the  intima, 
which,  encroaching  more  and  more  upon  the  channel  of  the  vessel,  in 
coarse  of  time  obliterates  it. 

LUtraturt  on  Healing  qf  Blood-vtMelt. — Guthrie :  DiMiuea  and  iQJuries  of  Arteriet, 
1880.  Hodgson:  Diieaaea  uul  Injnrie*  of  Art«ri«a,  1615.  Lee  :  Lcctam  on  Snb- 
J«eU  OoniMctcd  with  Practical  Path,  and  Surg.,  i.  1870.  Liddell :  Iiit«m.  Encycl.  of 
Barg.,  Ui.  1883.  Moore:  Holmes'  Syst.  Surg.,  i.  1870,  p.  712.  Shakespeare: 
Lacture*  on  Repair  in  Arteriei,  1879.  Tillnuiin  :  Berl.  klin.  Wochnschr.,  iviii.  ISSl, 
pp.  83,  35  :  alM,  Intemat.  Jounu  Med.  »nd  Sui^.,  N.  Y.,  i.  1881,  p.  223.  Treves  : 
BrlL  Mod.  Joan.,  }881,  i.  p.  232.    Warren  :  UeaUng  of  Arteries  after  Ligature,  1886. 


UEOENERATION  OF  SPECIAL  TISSUES. 

214.  Epithelium. — Each  tissue  in  th*  adult  reproduces  its  like. 
The  process,  in  fact,  is  one  of  true  growth  not  of  development 
(see  Sect.  1 19).  In  no  tissue  is  this  more  strikingly  exemplified  than 
in  epithelium.  There  is  absolutely  no  evidence  to  show  that  epidermis 
or  any  other  epithelium  ever  springs  from  anything  unless  a  pre- 
existing tissue  of  a  like  kind.  The  old  colls  dindc,  and  from  the 
resulting  progeny  the  new  epithelium  is  generated.  The  process  of 
division  usually  seems  to  be  indirect  (see  previous  references  Section 
193). 

Wolfp  (No.  193,  Jan.  I8S4.  and  No.  194)  has  raooeeded  in  traiui)laiiting  tho 
wbolft  at  the  tiamtes  of  tlut  conjunctiva  of  the  rmbbit  on  to  that  of  Man  in  order  to 
fill  •  gap  euiaed  by  cicatricial  contnction. 

Skin  grafting  (<«■  Sect.  193). 

215.  Fibrous  Tissue. — Sufficient  haa  been  said  of  the  manner  in 
which  tliis  is  repnxluced,  when  describing  the  process  of  cicatrisation, 
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to  show  that,  like  epidermis,  the  new  is  the  direct  offspring  of  the  old. 
It  only  remains  to  notice  what  occurs  in  the  union  of  divided 
tendon. 

Eiqwrimenting  on  rabbits,  Paget  and  Savory  (Xo.  23)  found,  that  at 
the  instant  of  division  of  the  Achilles  tendon  the  divided  ends 
separate  to  a  distance  of  nearly  an  inch,  the  upper  portion  of  the 
tendon  being  drawn  up  the  leg  by  the  action  of  the  gastrocnemius 
and  soleiis  muscles.  Tho  retraction  is  greater  than  in  operations  on 
the  human  Achillea  tendon.  Tlie  separation  is  effected  entirely  by  the 
withdrawal  of  the  upper  end  of  the  tendon,  the  lower  end,  having  no 
muscular  attachment,  remains  opposite  the  wound. 

It  seems  probable  that  the  next  stage  consists  in  the  effusion  of  a 
more  or  less  highly  albuminous  liquid  into  the  sheath.  Sometimes 
a  little  blood  (Feltz,  No.  49,  1868)  is  effused  aa  well,  and  from  the 
end  of  tho  tliinl  or  fourth  day  this  exudate  becomes  permeated  with 
spindle-celled  fibroblasts  derived  neitlier  from  the  blood  leucocytei 
nor  from  the  colls  of  tho  primarily  effused  plasma. 

Bizzozcro  (No.  134,  voL  cxI  No.  xl.  1868)  sUtvs  that  few  of  these  ariae  fn 
the  sheath  of  the  tendon,  but  ntber  from  the  loots  amnutive  tiatut  enveloping  1 
divided  end  of  the  tendon.  Dcmbowsky  (No.  ISC)  and  Gdterbock  (No.  13,  Iri), 
on  the  other,  huid  have  traced  the  now  colU  to  a  proliferation  of  thoM  almdj 
•xi*tiog  in  the  shoatli  of  the  tendon,  while  the  tendon  itself  remaina  quite  paMve. 

From  the  fact  that  the  connective  tissue  nuclei  of  tendon,  wb«n 
Btlmulated,  readily  proliferate  (Ranvier,  Guterbock,  Spina,  Feltz,  and 
Ginsburg),  it  seems  probable  that  the  divided  ends  are  capable  o( 
throwing  out,  in  certain  cases  at  least,  new  cell  elements  which  may 
serve  for  reparation  purposes,  just  as  divided  fibrous  tissue  does  in  an 
ordinary  wound.  This,  however,  would  not  necessarily  preclude  the 
sheath  from  subserving  a  similar  end.  The  actual  prooess  of 
organisation  of  these  cells  is  similar  to  that  in  other  parts. 

216.  Muscle. — Striated  muscle  seenu,  as  befors  remark«d,  to 
reproduce  itself  with  difficulty.  If  a  lai^e  wound,  soch  as  that 
resulting  from  an  amputation  of  a  limb,  be  examined  in  about  a  month 
after  its  infliction,  the  muscular  fibres  will  be  found  to  have  in  groat 
part  dis^>peared  from  their  sheaths,  wherever  it  happens  that  a 
portion  of  a  muscle  has  become  implicated  in  the  cicatrix.  The 
muscle  swells,  becomes  homogeneous,  and  is  afterwards  alisorbaJ, 
while  the  endomysium  and  perimysium  become  much  thickened.  It 
occasionally  hapjHjns,  however,  that  new  striated  muscle  fibrw  grow 
oat  of  the  spindles  of  a  young  cicatrix.  These  have  doubtless  originally 
sprung  from  muscular  tissue. 

Helfcrich  aoserta  that  he  found  a  piece  of  ranacle  fW>m  an  animal,  cabatituted  tat 
human  miuclo,  anit«  with  the  latter. 

217.  Bone. — The  regeneration  of  l)one  readily  occurs  in  any 
into  which  osteoblasts  have  found  their  way.     The  process  is  be«uti- 
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fuUy  illustrated  in  the  growth  of  osteophytes  from  pieces  of  poriostoiini 
detached  in  a  comminuted  fracture,  or  in  periostitis. 

Oilier  (No.  1(15,  L  p.  413)  Bacce^dixl  in  tmuBplantiiig  periosteum  from  one  leg 
in  the  rabl>tt  to  the  lioep  muscles  of  the  opposite.  MavEweu  (No.  95,  ii.  1882) 
ntiliseR  fragments  of  bono  for  the  puqioM  of  regenerating  part  of  a  bone  that  may 
lure  b«en  lost,  The  graft*  ought  to  bo  interhuroan,  and  should  comprise  all  the 
elements  uf  the  hone, 

218.  Nerve — Rtcorery  of  Function. — The  regeneration  of  divided 
nerves  has  long  occupied  much  attention,  and  is  a  matter  of  very  great 
interest.  That  the  function  of  a  nerve  may  be  regained,  and  that  a 
more  or  less  perfect  union  of  the  divided  ends  may  occur  after 
section  cannot  bo  doubted  in  view  of  the  evidence  derived  tjoth  from 
eases  in  Man  and  from  experiments  on  the  lower  animals.  Several 
interesting  problems  are  suggested  thereby,  In  the  first  place,  by 
what  means  is  it  that  the  union  of  the  divided  ends  is  brought  about  1 
lu  the  second  place,  how  is  the  union  so  effected  that  the  fibres  of  the 
upj>er  end  seem  to  select  those  in  the  lower  which  functionally  corre- 
spond with  them  1  In  the  third  place,  do  the  peripheral  branches 
retain  their  integrity,  or  do  they  die  and  become  replaced  by  new 
nerve  fibres  pushed  out  from  the  old  J 

Paget  (No.  23)  found  that  in  the  case  of  a  divided  mediiui  nerve  sensation  began 
to  return  in  the  pwts  supplied  by  it  within  ten  days  to  a  fortnight,  and  by  a 
month's  time  the  nerve  had  almost  completely  recovered  its  function. 

Still  more  remarkable  facts,  Iiowcvcr,  have  bven  recorded  by  Oluck  (No.  13, 
IxxiL  ]>.  624)  in  ex[)eriments  be  made  upon  the  sciatic  nerve  iu  fowls.  He  found 
that  when  a  piece  of  a  nerve  1  centimitre  long  is  cut  out,  a  cicatrix  forms  between 
the  two  ends  which,  even  after  tliree  to  four  months,  did  not  show  any  regenerated 
nerve  fibres.  When  the  nerve  was  simply  divided,  however,  and  the  ends  stitched 
together,  a  bond  of  union  was  rapidly  established  between  them.  Spindle  cells 
developed  within  seventy-two  houn  which  arranged  themaelvoi  linearly.  They 
were  in  ronnection  with  the  sheath  of  the  central  and  peripheral  stump*  of  the  nerve, 
and  brought  about  the  union  of  the  same.  Amyelinic  nerve  fibres  appeared  in  eight 
days,  ro&nd  which  a  medullary  sheath  was  gradually  deposited.  In  the  central  end 
there  was  no  degeneration  of  nerve  fibres,  while  in  the  peripheral,  there  was  only  a 
minimom  amonnt  of  it.  After  eighty  hoars,  there  was  a  complete  organic  coalescence 
of  the  separated  ends  by  a  soft  glassy  intermodiato  tissue,  as  yet  poor  in  cells,  but  in 
which  cspillaries  were  to  be  seen. 

After  excision  of  a  piece  of  nerve,  restorstion  of  function  did  not  follow,  but 
when  it  was  simply  divided  and  the  eu<ls  carefully  brought  together,  the  restoration 
of  function  took  piece  so  rapidly  that  he  found  it  to  1xi  perfect  in  two  instances 
wiUUn  twenty-/tmr  hourt.  He  conclndes  that  the  granulation  tissue  must  have 
been  the  means  of  conduction  iu  these  cases. 

The  lUttal  issues  of  these  ezperimenta  on  the  sciatic  were  that,  when  divided  and 
the  ends  accarately  adjusted  by  means  of  catgut  sutures,  the  muscles  supplied  by 
the  nerve  remained  totally  pamlysod  for  fifty  hours.  By  the  end  of  this  time 
the  animal  had  pariMly  regained  the  use  of  the  i«ralysc<l  muscles.  In  seventy- 
two  hoars  ttie  recovery  was  very  marked  ;  and  in  eighty-six  hours  the  limb 
readily  rsplied  refleocly  to  stimulation  of  the  foot  To  make  perfectly  certain  that 
the  impnlaea  were  propagated  along  the  trunk  of  the  nerve,  it  was  laid  bare  above 
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the  poiiit  of  division ;  a  glam  plato  wu  iowrtod  andorneath  it ;  and  it  Tras  stims 
electrically  and  mechanically  over  this,  with  the  te&ult,  that  the  mnsclea  auppliad  I 
the  nerve  readily  contracted. 

Vanlair's  experiments  (Xo.  136)  seem  to  prore  something  nirther,  twnaelf, 
that  the  regenerated  fibres  hare  the  tame  topog;raphicAl  distributioo  a«  Srrfan 
division.  He  first  divided  the  sciatic,  brought  the  ends  together,  and  allowed  tb* 
wound  to  heal  and  the  nerve  fibre*  to  be  rogeneratcd.  A  main  poplite&I  btmach  «i* 
now  divided  and  it  was  seen  that  the  mnacles  paralysed  oorrespoaded  to  Ui«  nonnal 
distribution  of  the  nerve.  Contrary  tu  what  Glnck  and  others  hold,  he  foond,  ■• 
Waller  had  previously  descrilwd  (No.  137,  July  1852),  that  the  peripheral  Mtd 
d<^gen«i«te6  and  that  the  new  nerve  fibrea  are  pushed  into  the  sheath  of  the  old  fn 
the  proximal  end.  Ho  consequently  regards  the  complete  recovery  of  function  i 
its  toi>ographical  distribation  as  all  the  more  extraordinary.  Rauvier  haa  point 
out  the  pre[H)ndeniting  influence  of  mechanical  conditions,  such  as  the  oppoait 
offered  by  the  tiasnes,  in  the  guidance  of  the  distribution  of  regenerat«d 
Vanlair  thiulca  that  the  old  sheath  being  that  in  which  there  is  least  teiistaaos^ 
now  nerve  fibres  are  naturally  prolonged  into  it 

Paul  Bert's  experiments  on  the  rat's  tail  seem  to  lend  some  support  to  Um  ^ 
that  the  new  nerve  fibres  are  simply  pushed  out  from  the  old.  Into  a  wonnd  of  thn 
back  of  a  rat  be  introduced  the  tip  of  the  tail  and  allowed  the  two  to  become  uidtad., 
On  subsetiuently  cutting  olf  the  toil  at  the  root  and  irritating  the  stonip 
found  that  the  animal  evidently  experienced  pain.  There  must,  therefore, 
either  been  some  anastomosis  between  the  nerves  of  the  wound  and  those  of  the  tail 
or  the  former  mutt  have  been  pushed  into  the  tail  tianea  AVe  also  know  thai 
dcatrices  become  sensitive  and  that  nerve  fibres  can  be  traced  into  thent. 

Source  of  Maimals  of  Repair, — There  seems  to  be  the 
diversity  of  opinion,  even  at  the  present  day,  as  to  where  the  nc 
materials  for  the  bond  of  union  come  from,  and  as  to  what  hap(M>as 
to  the  peripheral  portion  of  the  nerv-e.  The  literature  on  the 
subject  hiid  bfc'omo  so  volumtiioua  that  it  is  impossible  to  do  moc* 
than  glance  at  the  chief  views  that  are  held  in  regard  to  then 
The  chief  matters  of  dispute  are  whether  the  peripheral  part  of 
nerve  always  dtgeneraies  or  whether  it  becomes  united  contiottoualy 
with  the  proximnl  by  a  new  cicatrix-Uke  tissue,  and  if  so,  where  this 
cicatrix-liko  material  comes  from. 

As  before  mentioned,  Wollor  and  Vanlair  (Joe.  eit.)  were  of  opinion  that  the 
regeneration  wont  on  entirely  from  the  central  end,  and  that  the  peripheral 
degenerated.  Colasanti  (No.  61,  Part  I.  p.  204, 1878)  found  that  the  peripheral  fibR* 
degenerated  as  far  down  as  the  next  Ranrier's  ring.  Both  the  mednllary  sheath  sad 
axis  cylinder  became  fatty  down  to  this  point.  Tizzoni  (No.  50,  No.  xiii.  1878) 
dcaeribes  the  degeneration  as  affecting  both  divided  ends,  but  the  peripheral  nan 
than  the  proximal.  It  always  commences  at  the  Banvier's  rings,  and  spreads  tbaaei 
towards  the  middle  of  the  interannular  space.  The  myeline  sheath  and  axis  cylindMs 
fall  to  pieoea.  Neumann  (No.  14,  xviii.  p.  302)  made  out  that  the  p«ri|>heral  part 
of  the  nerve  always  degenermtea,  and  that  the  regeneration  is  brmight  ahotit  from 
the  ceoKml  end  and  always  spreads  centrifugally. 

On  the  other  hand  SchifT  (No.  138,  18&2,  and  elsewhere),  Philippeaox  and  Vvij 
(No.  40,  xlviiL  1869,  No.  rv.  and  eL^wherc),  Hjelt  (No.  18,  six.  p.  86«).   Kn 
(No.  139,  XX.  p.  1),  Hagnien  (No.  86,  1866,  L  p.  115),  and  Erb  (No.  )40,  r.  fT 
iS,  1868)  maintain  that  the  axis  cylinder  at  least  is  preaenred  in  the  peripbsni  part 
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A  good  deal  seems  to  depend  upon  whether  the  nerve  is  merely 
divided  and  accuralebj  adjusted,  or  whether  a  piece  is  actually  cut 
ami.  In  the  latter  case,  the  peripheral  part,  seems,  so  far  as  the  author's 
own  experiments  on  the  sciatic  nerve  in  toads  indicate,  to  suffer  com- 
fldt  dtilTudion  from  coagulation  of  its  myeline  and  subsequent  fatty 
degenemtion  of  the  whole  fibre  unless  the  fibrous  sheath,  as  Waller 
had  previously  demonstrated.  ^Vhen  the  ends  are  accuraiely  held  to- 
geth^,  however,  so  as  to  ensure  that  union  will  take  place  by  the  first 
intention,  a  large  number  at  least  of  the  nervo  fibres  appear  to  retain 
their  inltgritp. 

Local  Origin. — Where  a  reproduction  of  norve  fibres  takes  place 
locally,  and  where  the  axis  cylinders  of  the  proidmal  stump  are  not 
merely  pushed  into  the  sheath  of  the  peripheral,  fiunther  and  Sohon 
formerly  (No.  64,  1840)  traced  their  regeneration  to  a  plastic  lymph 
which  was  effused  between  the  cut  ends. 

In  more  recent  times,  however,  two  views  have  chiefly  been  taken 
of  their  genesis.  The  first  of  these  is,  that  the  new  fibres  are  evolved 
out  of  spindle  cells  arranged  end  to  end  ;  and  the  second,  that  they 
are  derived  from  the  old  nerve  fibres  by  a  splitting  of  the  axis 
cylinders  within  the  original  sheath  of  Schwann,  followed  by  a 
projection  of  the  filaments  into  the  wound. 

Of  the  belieren  in  tbc  rormer  theory,  Lent  (No.  100,  vii.)  and  Bnich  {Idem. 
vL)  BUppoao  that  the  apindlos  are  derived  from  the  fibrous  nerve  Hheath,  Beueke 
(No.  18,  It.),  on  tire  other  hand,  tract'd  the  origin  of  th«  spuidles  to  an  endo' 
g«noaa  proliferation  of  the  nncloi  of  the  ahcath  of  Schwann,  a  mcduUarjr  coating 
being  depoiitod  in  course  of  time  around  them  ;  while  Hertz  (Ko.  13,°  xlvi.) 
■aw  them  ariae  from  both  worcoa,  Neumann  (No.  120,  Jahrg.  ix. ;  and  No.  14, 
xviiL  p.  302)  derived  the  young  nerve  fibres  from  very  much  the  same  M)urce  as 
Beneke,  namely,  from  an  endogenons  growth  of  nuclei  within  the  Schwann's  sltcath. 
ThflM  are  converted  into  delicate  fibrihi  which,  in  course  of  time,  may  fill  the  aheath 
aad  become  *urroonde<l  by  a  protoplasmic  mantle,  the  future  medulla. 

Eichont  (No.  13,  lix.  p.  1)  givej  a  more  rational  and  accorate  deaoription  of  the 
procew  of  regeneration  under  such  circunutances.  The  nerve  fibres  of  both  ends, 
h«  nya,  |iarticipate  in  the  organisation.  The  medullary  sheath  beoomoa  destroyed, 
and  it  is  from  the  axis  cylinders  that  the  new  connecting  nerve  fibres  are  derived. 
This  is  brought  about  by  their  splitting  into  a  number  of  fibrils  both  at  the  central 
aad  peripheral  ends.  This  splitting  takes  i>lace  within  the  Schwann's  sheatli,  so  that 
the  latter,  in  course  of  time,  becomes  distended  with  them.  The  central  fibrils  are 
then  puahod  outwards  through  the  cicatrix  to  meet  the  peripheral,  and  a  coalescence 
fallows.  He  affirms  that  the  nncloi  of  the  Schwann's  sheath  proliferate,  but  denies 
that  tboy  have  anything  to  do  'with  the  regeneration  of  nerve  fibres. 

Uayor  (No.  Ill,  1881)  describes  virtually  the  same  method. 


TRANSPLANTATION  OF  FCETAL  TISSUES. 

219.  Zahn    (No.   13,   xcv.  p.   369),   in   a  commmiication    to   the 
InternAtioD&l  Medical  Congress,  brought  forward   some  curious  facts 
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bearing  on  the  above.  He  formerly  found  that  small  pieces  of  rib 
cartilag'C,  when  taken  from  the  adult  and  immediately  transplanted 
into  the  tissues  of  another  tmimal,  underwent  merely  retrogressive 
metamorphosis.  More  lately  he  has  discovered  that  when  taken  from 
the  embryo  and  transplanted  into  various  localities,  the  tissuo  con- 
tinues to  live  and  grow.  CartUagTC,  bone,  and  ordinary  COnnectiye 
fibrous  tisstie  succeed  best.  He  utterly  failed  to  get  the  tissues  of 
various  kinds  of  tumour  to  grow,  nor  could  ho  excite  in  any  tissue  the 
peculiar  atypical  conditions  necessary  to  induce  the  growth  of  a  tumour 
from  it. 

V.  Kahlden  and  Schottelius  (Na  196,  1881 ;  and  No.  104,  xIt. 
p.  239)  were  similarly  unsuccessful. 

Oeneral  LiUratwtt  oh  Organitaiion. — Dutrochet :  Stnicture  intime  des  aninuax  i 
vegeUoz,   1824.     Goodsir:    Memoirs,  L   1868.     Lobe:    U«b.  A.  Antheil    d. 
BlntkorpercbifD  b.  Bildung  d.  nomi.  u.   jiath.  Gewebo,  1869.      Schede  (Blood-riot) I 
Deut  med.  Wochnscbr.,  xii.  188tf,  j>.  389.     Schwann,   with  Dot«»  by  Sclilriilcn  :  Strai 
tore  ind  Growth  of  AnimtlB  and  PknU  (tranal.),  3yd.  8oc,  1847.   Travera :  Pb^nd 
of  Inllam.  and  the  Healing  Proceu,  1844. 
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Thk  Ditferent  Forms  of  Ulcer. 

220.  Definition  of  Term. — An  ulctr  is  an  open  wound  which,  irutead  of 
healing,  tends  to  remain  stagnant  or  to  progressively  invade  neighbouring 
parts. 

221.  The  Indolent  Ulcer. — The  typical  site  ia  on  the  lower 
extremities,  notably  between  tho  calf  and  ankle.  It  is  more  usually 
present  in  a  person  in  n)id*llt'  life  than  in  youth  or  old  age,  and  more 
frequently  in  males  than  females.  It  will  genenilly  be  found  to  have 
been  neglected,  the  patient  having  been  walking  about  and  improper 
dressings  haN-ing  been  applied. 

The  edge  is  raised,  hard,  and  frequently  has  a  blanched  callous 
aspect  Its  border  is  occasionally  somewhat  irregular,  and  it  appears 
to  be  deeply  eicavatetl,  partly  on  account  of  the  loss  of  sutwlance,  partly 
from  the  elevation  of  the  infiltrated  edge.  The  floor  is  either  devoid 
of  granulations  or  they  occur  in  irregular  patches,  and  are  ill  formed. 
It  has  a  glistening,  scooped  out  appearance,  and  from  it  is  discharged 
a  quantity  of  sanious  thin  liquid.  There  is  little  attempt  at  healing, 
and  if  it  has  been  irritated  from  the  patient's  movements,  the  surround- 
ing parts  may  display  a  red  inflammatory  blush. 

The  caiise  of  the  indurated  edge  is  twofold,  firstly,  the  under- 
mining of  the  epidermis  by  dihited  vmseh  and  lialf-organised  gjanula- 
tion  tisjnte.  Not  unfrequently  the  vessels  rupture  and  blood  is  effused 
in  considerable  quantity.  Secondly,  it  is  materuilly  augmented  by 
the  aceumulation  of  the  ^idermis  in  a  dense  mass,  which  pushes  its  way 
downwards  into  the  underlying  tissues  in  the  form  of  long  club-shaped 
or  tuberose  processes  instead  of  spreading  over  the  wound  in  a  thin 
pellicle.  One  of  the  chief  causes  of  the  ulcer's  not  healing  seems  to 
be  the  distension  of  these  vessels  and  the  accumulation  of  unorganised 
granulation  tissue  underneath  the  epidermic  edge.  Pressure  ap]ilied 
to  tiie  {wrt  acts  1)cneficially  in  causing  the  wound  to  heal,  apparently 
by  natnining  tho  vessels. 
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The  floor  of  the  wound  exhibits  few  embryonic  cicatrix -form  log 
elements.  It  is  usually  constituted  simply  by  the  exposed  fasciae  *nd 
sheaths  of  tendons,  covered  by  a  thin  layer  of  abortive  granulation 
tissue.  The  blood-vessels  upon  it  are  scanty  and  have  little  reparative 
material  around  them.  The  small  arteries  frequently  show  considerable 
hjrpertrophy  of  their  muscular  coats.  In  certain  cases  the  inner  ci 
is  also  thickened. 
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Fu.  lOA.— PBuvmcobiB  Baonoii  twm>ckib  tmoBATSD  Boaa  or  Old  IvDoun 
Mvam.  or  Lao  (xW  Oumb.) 

(a)  SuporileUl de»d  epldennl* ;  (ft,  6) gnaalktion  loop*  BBdermlnlng  umI  poilttec  aplk««4gi: 
(4)  hklf-orgulMd  snuroUtloo  ttwoa  bcoMth  tha  adga  ;  (cQ  uouiBaUtad  maw  of  rptdwai*  i 
HUB  pcUiol*  onfbt  to  1m  :  (•)  iilcmsiit  fhmi  btood-axbmna^laa ;  (/)  ■boitlTe  Rniiiitellaf  MM 
(0)4irld«iaiinnattaniMOf  UgramliicpnetieftUy  UMfloorof  UMUlMr;  (k)  imtU  utay  < 
Unqrlfoa  BBd  FtunoU'  Solntloo). 


222.  The  weak  ulcer  is  one  whose  granulations  are  exuberant 
and   flabby.     They  have  a  peculiarly  translucent  or   gelatinous 
])oarance.     Masses  of  them  may  project  from  the  wound.     Tha  i 
of  the  wound  not  healing  is  that  the  granuktiona  are  too  Ui]ge  i 
cudematous.    The  translucent  gelatinous  appearance  which  they  | 
is  due  to  the  Utter  cause. 

MicroieopieaUy  the  blood -vascular  loops  are  seen  to  be  long  aa^ 
tortooufl,  the  filnous  reticulum  of  the  granulatioDa  is  opened  oat  i 
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distended  with  edematous  fluid,  and  numerous  leucocytes  can  be  seen 
passing  through  the  walls  of  the  vessels. 

Similar  tedematous  granulations  are  frequently  associated  with 
sinuses  resulting  from  stnunous  disease  of  joints.  The  granulations 
of  the  wound  made  in  excising  a  joint,  such  as  the  elbow,  also  often 
take  on  this  weak  oedematous  appearanc&  Such  wounds  have  little 
tendency  to  heal,  and  the  cause  is  that  the  soft  tissues  contain  many 
tnio  tubercles.  These  are  scattered  at  intervals  throughout  the 
opened  out  granidation  tissue,  and  like  tubercle  elsewhere  have  a 
tendency  to  caseate.  Curiously  the  tubercle  in  such  cases  is  often 
confined  to  the  granidation  tissue  of  the  wound. 

223.  The  varicose,  inflamed,  and  sloughing  ulcers  require 
little  explanation.  The  first  is  complitatetl  with  varicose  veins,  the 
second  has  from  some  cause  assumed  an  inilaiamatory  character  and 
copiously  discharges  thick  putrefactive  pus,  while  the  third  is  one  in 

-Which  the  sujierficial  tissues  on  the  floor  have  a  gray  sloughy  appearance, 
are  in  process  of  separation. 

224.  Sjphtlitic  or  constitutional  ulcers  are  liable  to  occur  in 
tertiary  8j'j)hilitic  subjects  on  various  jiarts  of  the  body,  more  especially 
where  the  akin  is  thin,  as  on  the  calf  of  the  leg  or  front  of  the  abdomen. 
An  inflamnmtory  pustule  or  tubercle  first  appears,  this  sloughs  and 
leaves  a  punched-out  looking  vacuity  with  slightly  elevated  edges  and 
«  smooth  glossy  floor.  They  are  usually  multiple,  and  run  in  circles 
or  are  groupe<l  in  (Mirticular  localities. 

The  only  remarkable  points  that  the  author  has  found  in  connection 
with  these  ulcers  are,  firstly,  that  there  is 
veiy  little  reaction  of  the  tissues  on  the 
floor  of  the  ulcer ;  and,  secondly,  that  the 
small  arteries  on  the  floor  become 
obliterated  (Fig.  107).  The  inner  coat 
thickens  in  such  a  manner  as  to  constrict 
and  finally  close  the  lumen  in  many  cases. 
An  analogous  thickening  of  the  tunica 
intima  is  certainly  to  be  seen  in  old  ulcers 
of  any  kind,  but  in  the  above  it  is  more 
universal,  and  goes  on  to  total  occlusion  ; 
it  is  a  true  arteriitis  ohlitrraiu.  The  occlu- 
sion of  the  lumen  probably  is  the  cause 
of  the  ulceratioa 

225.  The  Hard  Chancre,  when  ulcer- 
presents  certain  peculiarities,  although  there  are  none  of~  them 

bich  are  completely  characteristic.  In  the  infiltrated  stage,  before 
the  surface  has  l^ecome  abraded,  the  loose  cellular  tissue,  such  as  that 
of  the  prepuce  (Fig.  108),  becomes  densely  infiltrated  with  small  round 
cclla.  There  is  also  a  particular  tendency  for  similar  celltdor  exudation 
to  accumalate  in  the  lymphatics  round  the  blood-vessels  {d).  The 
at  fint  isolated  masses  of  cellular  exudation  subsequently  fuse  together 
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Fio.  107.— Oaoor  or  Oaumu- 
TVD  AmTKRia^  Tuxm.  ot  Smn. 
UTio  Ulckb  or  Lu  (x50  Diami.) 

(n,  (i)  lUddl»«iiad  uid  anikll  u- 
terlM  cstlicljr  oc«1u(1m1;  (t) 
aaacwtMl  oipllUry  (Oumlno 
»aA  Fkmuita'  SolatloaX 
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and  constitnte  a  dense  continuous  infiltration,  giving  rise  to  the  specif 
induration  of  the  part.     The  cells  are  forced  out  chiefly  on  the  surfact^' 
and  conBequently  tend  to  push  the  epidermis  before  them.     The  lattrr 
becomes  more  and  more  attenuated,  its  cells  stretched  and  elongated, 
and  it  finally  gives  way.    The  cellular  material  is  then  in  part  discharged, ] 
and  a  more  or  less  complete  gninulating  surface  resultaL     Giant 
are  occasionally  found  in  the  granulations. 

KJelw  (No.   146,  IL  p.  41,  1878;   and  No.  104,  x.)  describea  m\ 
bacillus  which  ho  has  obtained  fix>m  hard  chancres.     He  produced  in 
the  monkey  soraotliing  like  a  chancre  by  inocidation,  but  it  is  doubtful 
whether  it  was  truly  sjrphilitic.     Lustgarten  (No.  4C,  I.   1885)  found 
a  bacillus  within  hard  chancres  very  much  like  that  of  tubercle,  buij 
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fio.  106.— PnwaimooiAB  Bmtioii  maooaB  Bms or  Hau> OUlScbb  t»  FaBOGa(xW  Ouaa> 

(a)  Clotimtod  nrfko* ;  (>)  sptthelUI  edga  :  (c)  dnue  miall  c«ll  IntUtntlni ;  (4)  Ijw|iIM|||B 

(oeamjiaaiinc  ui  uiarj,  Blled  with  mull  mund  o«U<  (Hamatoxi'laiMX 


with  this  peculiarity  that  it  ie  always  endoaed  within   cells.     Its 
length  is  from  S   to  4  /it  and    its    thickness    8   /«,      Two   to   tbrMl 
oval -shaped    clear    points,   endently   spores,  are    contained    in   itsj 
interior. 

Doutrelo[)ont  and  his  assistant  Schiitz  (No.  43,  No.  x.  1885)  havaj 
also  described  a  l>acillus,  which  is  evidently  identical  with  tJbat  ol' 
Lustgarten. 

Eve  (No.  59,  April  10,  1886)  has  succeeded  in  cultivating  on 
blood  senmi  a  bacillus  from  the  blooil  of  syphilitic  patients  in  two 
instancee,  and  from  syphilitic  tissues,  acute  and  chronic,  in  three  in- 
■taneea.  It  is  characteristically  beaded,  and  stains  best  witli  a 
solution  of  Humboldt  red  in  aniline  oil  and  spirit,  with  subaeqnaBk  • 
deoolorisation  by  spirit. 
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Literature  on  Uard  Otancre. — Ootumlt  the  many  works  on  Syphilis,  and  : — Balzer ; 
Compt  rend.  Soc  d.  Biol.,  tii.  1886,  p.  155.  Barton:  Path,  and  Treatmeut  of 
ByphUia,  1868.  Comil :  Syphilis  (trann].).  18S2.  Hutchinson:  Med.  Timea  and 
Ou.,  L  188S,  p.  373.  Kaposi :  Deut  Chinirg.  Lief.,  Ui.  Lee  :  Uolmos'  Surgery, 
i.  ISrO,  p.  405.  Ricord:  Lectunu  aa  Chancre  {trannl.),  1S59.  Sinnond :  Pitha, 
Haodbach,  i.  1869.  v.  Zeissl:  OntUnea  of  Path,  uul  Treat  Syph.  (transl.),  X.  Y., 
1886. 

226.  The  soft  chancre  is  less  densely  cellular,  and  does  not  show 
in  its  early  phases  the  same  concentration  of  the  cellular  effusion 
around  the  blood-vessels.  Otherwise  there  is  not  much  to  distinguish 
it  from  the  former. 

LiUrature  <rn  Sqfl  Chancre, — Consult  the  various  works  on  Venerral  Disease,  and  : — 
Bwide  :  Contribution  i  I'etnde  dn  Chancre  Simple,  1886.  Fournier  :  Prscticicn,  iz. 
1896,  p.  196.  Latouche:  Bull,  et  mini.  Soc.  rahA.  d.  HOp.,  ii.  1885,  p.  41.  De 
Lucca  (Micrococcus  in):  Gazz.  d.  osp.  Milano,  vii.  1S86,  p.  298,  et  aeq.  Sturgis : 
Aahurst's  Inlemot.  Encycl.  Surg.,  it  1882.  Tommaaoli:  BolL  d.  Soc.  tra.  L  cult  d. 
■c.  med.  in  Sienna,  iv.  1886,  p.  124  ;  alto,  Allg.  Wien.  med.  Zt^;.,  zzxi.  1886,  p.  351. 

227.  Cancerous  ulcers  are  easily  enough  recognised  when  they 
occur  in  connection  with  a  distinct  tuinour.  Sometimes,  however, 
the  skin  of  various  parts  of  the  body,  not  uiifrequently  that  of  the 
front  of  the  leg,  becomes  diffusely  cancerous  and  breaks  down.  It  then 
assumes  very  much  the  character  of  an  ordinary  ulcer  of  that  pjirt,  but 
with  this  peculiarity  that  it  does  not  tond  to  heal,  or  if  it  heals  at  one 
part  it  breaks  down  at  another.  If  placed  under  favourable  circum- 
stances the  wound  granulates  freely,  and  its  true  nature  may  long 
remain  unsuspected.  If  the  surface  of  the  granulations,  however,  be 
scraped  and  the  discharge  examined  microscopically,  the  cancerous 
character  of  the  cells  will  be  apparent.  Large  squamcs  with  prominent 
nuclei  and  occasional  cell  nests  are  abundantly  prevalent. 

Such  ulcers  are  sometimes  very  lieautiful  objects  when  examined 
microscopically  in  section.  The  granulations  are  large,  and  their 
vessels  tortuous.  Among  the  ordinary  granulation  cells  jire  to  be  seen 
numerous  cell  neats,  and  the  surface  is  frequently  covered  with  a 
delicate  pellicle  of  squamcs.  The  aide  of  the  wound  is  usually  infil- 
trated with  epithelial  jjroccsses  derived  from  the  rete  Malpighii. 

228.  Perforating  Ulcer  of  the  Feet  and  Hands.— This  is  a 
pecidiar  form  of  ulcer  affecting  the  palmar  surfaces  of  the  hands  and 
plantar  surfaces  of  the  feet.  It  is  usuaUy  of  small  size,  and  tends  to 
burrow  deeply,  so  as,  in  some  cases,  to  implicate  the  underlying  bone. 
The  disease  is  commonly  regarded  as  a  neurosis,  and  is  sometimes  an 
accompaniment  of  cerebral  or  spinal  disease,  such  as  locomotor  ataxia, 
bat  St  others  has  no  such  relationship. 

Pitres  and  Vaillard  (Na  4,  xv.  1885,  p.  208)  have  examined  the 
nerves  leading  to  the  part  in  a  large  scries  of  cases,  and  have  come  to 
the  conclusion  that  the  cause  is  of  the  nature  of  a  peripheral  neuritis 
frequently  localised  to  the  nerves  of  the  part  affected. 

lAUrtUure  on  Acute  Ptr/oratinrj  Vhtr  qf  M*  Foot.  —  Badalonl :  Bull.  d.  »c.  med. , 
Bologna,  tIU.  1S81,  p.  S.     Blauchard:  Parla  mU.,  iz.  1881,  p.  202.     Butiin  and 
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HoUleii:  Med.  Pren  and  Circ,  xzzvL  1883,  p.  6.  Chance:  Cincis.  Lancet  and 
Clinic,  xiii.  1884,  p.  237.  Despr^:  Gu.  A.  BOp.,  liil.  ISSO,  p.  1019.  Duckworth: 
Traiu.  Clin.  Soc.  Lonrl.,  xvii.  1884,  p.  231.  Eve:  Tnuii.  Path.  Soc  Lond.,  xxziii 
1881-2,  p.  283.  Fauchon-Courtz :  Coutribution  h.  I'^tude  da  mal  pcrforant,  1M&  i 
Heath:  Lancet,  ISiSS,  i.  p.  452.  Henno  :  Arch.  miU  Beiges,  xiiv.  1883,  p.  S18. 
Martin :  ConaldiratioQn  snr  la  patiiog.  da  mal  perfonint.  188S.  Mirapeix :  Du  mal 
perforant,  1883.  Monod  :  Oaz.  d.  H&p.,  Ivi  1883,  p.  945.  Orsi  :  Sruula  mcd.  IuQmI, 
iii.  1880,  pp.  16,  44.  Owen:  lancot,  1884,  L  p.  611.  Pdan :  Li'vocia  do  aiii.  Chir.. 
1883,  p.  1.  Piraire:  Arch.  gM.  do  M&l.,  1886,  u.  p.  26.  Pitres  and  VaUlard 
{Alteratioua  of  ncrvej  ill) :  Arch,  de  Phyiiol.,  v.  1885,  p.  208.  Polaillon  :  luiou  MoiL. 
xzxTii.  1884,  p.  237.  Southam :  Brit.  Me<l.  Jouro.,  1883,  L  p.  1222.  Tr^t  (Spinal 
origin) :  Gai.  d.  H6p.,  Ivi.  1883,  p.  1170. 

229.  Rodent  Ulcer  (see  "Cancerous  Tumours"). 

Tubercular    Ulceration    (see   "Tubercle,"  also    "TuberctiLir 

Intestine  "  and  "  Phthisical  Lung)." 

Diphtheritic  Ulcer  (see  "  Diphtheria  "). 

MModa.  — For  the  majority  of  uloemted  woundi,  the  lamo  aa  in  healing  by  giaon- 
Ittion  (Sect,  195).     If  it  is  desired  to  ahow  the  organiims  of  the  tubwcolar  and 
diphtheritic  ulcers,  the  preparation  «hoalJ  be  hardened  in  "A,"  and  stained  aecordiag  ' 
to  directions  giren  elsewhere  (see  Part  I.,  IVactical  Bacteriology). 

Omttral  LUerahtre  on  Ulcer*. — Consult  rariotu  tezt-booka  on  Surgery  and  : — Atldn  : 
Med.  Pren  and  Circ.,  xlUL  1886,  p.  210.  Garden  :  Brit  Ued.  Jonm.,  1882,  a  p.  ISIS. 
Gerard :  Enai  snr  la  pathogiuie  d«a  uleeres  variqueuz,  1885.  Gilson  :  N.  diet.  d« 
Mid.  et  Chir.  Prat.,  xxxvii.  1885,  p.  41.  Lebrun  :  Jonm.  de  MM.,  Chir.,  ot  Pharma. 
coL,  BraaaeU.  Ixxiii.  1881,  p.  27.  Machi :  Arch.  med.  Talene.,  L  1881,  pp.  tf9,  115. 
Neely:  MiMUw.  Valky  Med.  Month.,  Memphi^  rL  1886,  p.  145.  Pa^t:  QoIom*' 
Surgery,  I,  1870,  p.  179.  Qu^nu  :  Rev,  de  Chir.,  iu  1882,  p.  877.  Robe :  AUsata  | 
MtMl.  Rec,  i.  1881 '2,  p.  205.  Schreider  :  Coutribution  a  I'fitude  de  la  Pathogibiie  4 
Uloin,  1883. 
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THE  LYMPH. 

230.  Under  normal  conditions,  the  small  blood-vessels,  chiefly  the 
capillaries,  are  constantly  allowing  a  certain  quantity  of  albumin  con- 
taining liquid  to  filter  through  their  walls.  They  do  so,  evidently  in 
virtue  of  the  intravascular  pressure  being  greater  than  that  of  suiTound- 
ing  part&  The  liquid  is  poiu-ed  into  the  numerous  IjTnph  spaces 
which  abundantly  traverse  the  majority  of  the  tissues,  and  from  these  it 
is  collected  in  the  lymph  radicles,  by  which  aj^aiii  it  is  conveyed  to  the 
main  Ijinphatic  trunks  to  be  returned  to  the  blood  through  the  thoracic 
duct  and  other  large  lymphatic  channels.  It  is  |K)ured  out  in  such 
quantity  as  to  Ijathe  the  tissues,  and  to  8U[>ply  sufficient  nourishment 
to  them  for  their  support,  but  in  health  it  never  tends  to  accumu- 
late to  excess  in  the  {lart.  This  is  efl'ectually  prevented  by  the  l}'mpb 
channek  being  so  freely  open,  and  also  by  the  free  abeoqition  of  the 
watery  part,  at  least,  of  the  exudation  by  the  veins.  LjTnph,  how- 
ever, 88  obtained  from  a  large  trunk,  does  not  consist  simply  of  the 
liquid  as  it  transudes  from  the  blood-vessels.  It  also  contains  those 
excremcntitious  matters  thrown  off  in  the  metabolism  of  the  tissues. 
There  is,  therefore,  one  inlet  by  which  liquid  is  pum|X)d  into  the 
tiaauea,  namely,  the  arteries  ;  while  there  are  two  outlets,  the  veins  and 
Ij'mphatics,  by  which  after  having  subserved  its  purpose  it  is  removed 
from  them. 

Composition. — The  Ij-mph  contains  all  the  constituents  of  blood 
plasma  but  in  pro{x>rtionally  different  quantity.  This  difference  chiefly 
lie*  in  the  fact  that  there  is  less  albumin  and  relatively  more  water. 
It  has  a  feeble  power  of  8ix>ntaneous  coagulation,  which  is  aided  by 
the  addition  of  a  piece  of  blood  clot.  It«  reaction  is  alkaline.  It 
has  a  saltisb  taste,  and  a  specific  gravity  varying  between  1 U 1 2  and 
1022. 
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Resitlts  of  thk  Quantitative  Analyses  of  Lymph  made  by 
Various  Observers. 

Analysis  of  the  Lytriph  of  Man.* 
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231.  Its  Circulation. — Tho  plasma  spaces  which  surround 
blood-vessels  on  all   sides  do  not  :i]ip<",ir   to  fjossess  on  endotbelii 
lining.     They  are  irregularly  shaiwd  a  hose  outline  stAins  with 

silver,  probably  on  account  of  their  li  ^  cd  with  a  delicate  film  of 
a  cementing  substance  which  hoB  the  power  of  precipitating  tho  silver, 
a  substance  resembling  that  uniting  endothelial  cells.  Although  in 
certain  localities,  such  n^  the  central  tendon  of  the  diaphragm  or  the 
frog'«  rectum,  they  can  be  seen  to  lie  in  close  relationship  with  the 
capillary  blowl-vessels,  yet  it  is  not  likely  that  they  actually  communi- 
cate with  pores  or  small  ojienings  in  the  latter.  Under  thoir  nonnal 
amount  of  distension  tho  capillary  walls  appear  to  be  free  from  such 
a{>ertiire8.  The  liquid  which  is  transuded  in  reality  filters  through 
the  endothelial  plates,  and  is  simply  caught  in  the  cistorn-like  sii 
from  their  close  propinquity. 

The  lymph  capillaries  are  provided  with  a  distinct  endothelial 
wall,  and  tho  larger  Ij-mithutic  trunks  are  coiistitiitod  by  their  fusion. 
Those  lymphatic  trunks  which  are  of  medium  »izv,  ;u-e  {lossfluod  of 
three  tunics — an  intima,  media,  and  adventitia.  The  intima  OOD- 
sists,  as  in  tho  small  blood-vessels,  of  a  longitudinal  fibrous  coat^  lined 
by  an  endothelium  the  nuclei  of  whose  cells  are  prominent  and  ellipg 
soidal  in  shape.  The  media  is  made  up  of  circular  nnstriatod  mi 
tissue  combined  with  elastic  fibres,  while  external  to  this,  again,  is  the' 
adventitia,  a  looee  fibrous  covering,  similar  to  that  encircling  the  bJood- 
vetsels. 

Progressively  from  tho  lymph  spaces  upwards  to  the  thoracic  duct, 

'  Taken  trora  Gamgea'a  Pkgtioloyiad  Cktmittry. 
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the  walls  of  the  l}'ni])b  channels  consist  first  of  a  homogeneous  cement 
dMBoe,  an  etulotheliuin,  an  endothelium  and  elastic  tunica  intima, 
tbeiB  with  a  tunica,  media  superadded,  and  lastly,  of  these  with  the  ad- 
diti<ni  of  an  adventitia.  The  adventitia  contains,  besides  ordinary  white 
fibrous  tissue,  a  few  longitudinally  airanged  imstriated  muscular  fibres. 

The  main  trunks  arc  provided  with  valves,  a  large  bicuspid  valve 
placed  at  the  opening  of  the  thoracic  duct  into  the  internal  jugular 
vein,  preventing  the  blood  from  re<pirgitating. 

The  natural  circulation  uf  the  iym[jh  appears  to  depend  upon  the 
circumstance  that  the  pressure  within  the  large  venous  tnmks  closely 
connected  with  the  heart,  into  which  the  main  lyrajjliattc  vessels  oiien, 
is  less  than  that  prevailing  in  the  tisstws,  and  that  this  again  is  less 
than  the  pressure  within  the  small  arteries  and  capillaries.  There  is 
thus  a  constant  tendency  to  drive  the  lymph  upwards  towards  the 
large  veins  of  the  thorax. 

There  are,  however,  also  certain  accessory  means  by  which  the  flow 
of  the  IjTnph  is  aided,  these  being  mainly  (1)  tks  amtrtulion  of  tht 
mueUs;  (2)  the  movemeMs  of  reipiration ;  (3)  the  eontraclwn  of  tiu 
matador  coal  of  the  lymph  vessels. 

VThen  a  cannula  is  inserted  into  a  main  lymphatic  stem,  the  lymph  which  flows 
from  it,  while  th«  animal  is  at  rust,  is  small  in  i^uantity,  whereas  when  the  muscles 
are  ma<le  to  contract,  the  amount  rapidly  ijicrcaae*.  That  the  movements  of  respira- 
tion have  a  powerful  pumping  action  on  the  lymphatics  of  tla-  abdomen  is  proved 
by  Ladwig's  ex[ierimvnt  upon  the  central  tendon  of  the  rabbit.  The  parts  below 
the  diaphragm  are  cut  away  in  a  rabbit ;  the  thorax  is  inverted  ;  and  artificial  respira- 
tion ia  kept  np.  A  quantity  of  Berlin  blue  in  suspcutiiuu  is  now  poured  over  the 
diaphragm,  with  the  effect,  that  it  ia  drawn  into  its  lymphatics,  which  soon  aanime 
the  appearance  of  a  number  of  arborescent  coloured  lines. 

Heller  (No.  60,  1869,  p.  545)  describe<l  a  rhythmic  contraction  of  the  lymph 
Teaaela  of  the  mesentery  of  the  guinea-pig  with  a  tendency  to  push  the  chyle  con- 
tained in  them  towards  the  central  end.  Foster  (No.  HS),  however,  doubts  whether 
thia  ia  of  an  active  nature,  holding  it  to  be  more  probable  that  it  may  be  caused  by 
the  peristaltic  contraction  of  the  bowel  tending  to  drive  the  chylo  into  the  vessels. 
Special  contractile  sacs  called  lymph  hearts  are  met  with  in  the  frog^,  and  in  otlier 
_  eold-blooded  animals,  but  as  yet  have  not  been  found  in  mammalia.  They  have  the 
■    iflaet  of  driving  the  lymph  onwards  from  the  lymph  channels  into  the  blood-veMels. 

^^KXhe  lymph  glands,  placed  as  they  are  in  the  course  of  the  lymph 
VVGiels,  have  a  certain  filtering  action  upon  the  liquid  contained  within 
m    the  latter,  and  when  they  are  swollen  by  inflammatory  or  other  pro- 

ducta,  they  tend  to  retard  the  flow  of  lymph  through  the  j3articular 

branchea  with  which  they  arc  connected. 


CONDITIONS  UNDER  WHICH  ALBUMINOUS  LIQUIDS  ARE 

EFFUiiED. 

232.  Aa  all  the  proteid  bodies  of  ordinary  dro^isical  liquids  are 
colloids,  it  follows  that  they  pass  through  animal  membranes  only 
vuL.  I  y 
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under  pressura  Aa  a  result  of  the  numerous  experimenta  nude  on 
the  passage  of  albuminous  bodies  through  animal  membraoes,  the 
general  conclusion  is  that  they  ])ermeate  through  them  in  ammtnl 
varying  as  the  pressure.  (Hermann,  No.  186,  p.  85 ;  "W.  Schmidt,  No. 
190,  p.  337,  1856,  Idem,  p.  337,  1861 ;  Newman,  No.  5,  xii.  |..  eOtji, 
and  No.  189,  1878,  p.  648;  Gottwalt,  No.  187,  p.  423;  Bamberger, 
Na  188,  1881). 

Runel>erg,  however  (No.  140,  xxiiL  ;  No.  126,  xviii. ;  and  Ko. 
169,  XXXV.),  emiiloying  the  intestine  toughened  in  alcohol  aa  the 
experimental  membrane,  arrived  at  rosultfi  differing  materinll}*  from 
those  generally  accepted.  With  a  fresh  or  rested  membrane 
under  a  pressure  of  one  mfetre  water,  he  found  that  the  relative 
amount  of  albumin  in  the  filtrate  increased  with  the  time  until  a 
certain  {x>int  was  reached  at  which  it  became  constant  As  soon  as 
this  constant  stage  is  attained,  the  albumin  of  the  filtrate  diminish^  i 
raiting  and  iner«aae3  by  dimimtking  Ih  pressure.  The  amount  of  albu 
alao  which  passes  through  a  membrane,  is  greater  if  the  membrane  n 
allowed  to  re«t  for  a  while  than  when  the  pressure  is  constant 

There  are  certain  serious  objections  to  applying  these  results  in 
explanation  of  the  transiidution  of  albumin  through  a  capilliiry  vessol 
One  of  the  most  evident  is  that  the  intestine  is  a  compound  niemlirane 
formed  of  different  coats  whose  fibres  interlace  almost  at  right ; 
to  each  other.  Hence,  under  increased  pressure,  the  solid  parts  of 
one  are  liable  to  be  driven  into  the  pores  of  the  other,  and  in  this  way 
the  membrane  might  be  rendered  less  pervious ;  whereas  a  rekxatioo 
of  the  pressure,  by  freeing  the  im]«iction  of  the  one  against  the  other, 
would  tend  to  allow  more  liquid  to  pass. 

This  mil  hold  good  with  still  greater  reason  if  we  accept  Kune- 
berg's  hypothesis  that  solutions  of  albumin  are  mere  emulsions,  the 
small  iHuticles  of  albiuuin  being  suspended  in  the  water.  One  can 
easily  see  how,  when  tbo  pores  of  the  membrane  become  clogged  with 
these,  a  relaxation  of  the  pressure  will  favour  a  greater  quantity  of 
albumin  passing  through,  while  an  increase  will  diminish  it. 

In  |X)int  of  fact,  all  exfieriments  on  dead  membranes  of  this  kind 
taken  alone,  when  applied  to  the  explanation  of  the  phenomena  ol 
transudation  from  the  living  vessels,  are  untrustworthy.  If  we 
to  get  at  reliable  results,  they  must  be  controlled  by  experiments 
the  living  animal. 


DEFINITION  OF  DROPSY. 

233.  A  certain  quantity  of  lymphy  liquid  is  constantly  being 
effused  into  the  tissues  and  serous  cavities  of  the  l>ody,  but  in  th« 
case  of  the  latter  it  is  never  more  than  sufficient  to  keep  them  moist 
When  any  excessive  accumulation  takes  place,  the  condition  is  known 
ns  Hydrops,  or  Dropsy,  and  the  liquid  effused  is  known  aa  a 
Transudate  or  Exudate,  according  to  circunutancea.     A  "tnonid- 
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ate"  is  such  a  liquid  having  a  composition  resembling  that  of  the 
hlood  serum,  while  the  term  "exudate"  is  usually  applied  to  an 
effused  liquid  whose  comjwsition  approaches  that  of  the  hlood  plasma 
in  the  relationship  of  its  solid  and  liquid  parts,  and  which,  besides, 
usually  contains  numbers  of  colourless  blood  corijuscles  (compare 
Perls,  No.  170,  i.  p.  49).  The  former  is  what  is  commonly  found  in 
dropsies,  the  latter  is  more  frequently  the  effect  of  an  acute  infiummation. 
As  we  have  already  discussed  the  character  of  inflammatory  effusions 
(Chap,  xix.),  it  will  be  -mih.  the  former  of  these  alone  that  we  shall 
now  have  to  deal. 


GENERAL  CAUSES  OF  DROPSY. 

234.  The  natural  means  of  circulating  the  lymph  being  those  just 
described  (Sects.  23,  231),  how  is  it  that  an  excessive  accumulation,  a 
lymph  congestion  or  dropsy,  is  caused  ?  There  are  several  possibilities, 
the  chief  of  which  are  the  following: — (1)  Increased  arterial  pressure; 
(2)  arterial  dilaLttimi  /  (3)  obstruction  in  the  venous  outlets ;  (4)  obstruc- 
tion in  the  It/mph  channels  and  glands ;  (5)  obstruction  to  both  veins  and 
Ijfmphatics  ;  (6)  alterations  in  the  walls  of  the  capillary  blocd-vessels ;  (7) 
an  undiu  laxity  of  the  tissues ;  or  (8)  a  wrong  compositifn  of  the  blood. 
Let  us  see  in  how  far  each  of  these  is  instrumental  in  its  production. 

235.  (1)  Increased  Arterial  Pressure. — It  might  be  sup- 
posed, and  the  old  idea  was  that  ligature  of  a  large  peripheral  arterial 
tnudc  raises  the  general  arterial  pressure.  Such,  however,  is  usually 
said  not  to  be  the  case.  If  a  matiometer  be  placed  in  the  carotid  of  a 
d<^,  and  a  ligature  be  applied  to  the  femoral  artery,  with  the  exception 
of  a  slight  flevation  of  the  pressure  at  the  moment  of  ligature,  no 
general  augmentation  takes  place.  If  the  aorta  be  ligatured  below  the 
renals,  no  general  rise  of  the  arterial  pressure  occurs.  It  is  only  when 
the  aorta  is  ligatured  at  a  point  higher  than  this  that  any  material  rise 
in  the  arterial  pressure  is  noticed  (Cohnheim). 

It  has  further  l)con  shown  by  Lichtheim  (No.  172),  that  the  pressure 
within  the  pulmonary  system  of  vetiels  appears  to  be  in  great  {)art  inde- 
pendent of  that  in  the  systemie  arteriea.  If  the  branches  of  the  pul- 
monary ortorj'  1^  ligatured  so  as  to  narrow  their  circidating  capacity 
by  throe-foiuths  of  their  entire  extent,  the  pressure  within  the  open 
branches  of  the  pulmonary  artery  certainly  rises,  but  this  has  little,  if 
any,  effect  upon  the  pressure  within  the  carotid  artery.  The  pressure 
within  the  carotid  can  be  conversely  raised  to  double  its  natural  height 
without  materially  influencing  that  of  the  pulmonary  artery. 

llio  chance  of  morl*idly  increasing  the  general  arterial  pressure 
throughout  the  Ixxly  by  mechanical  obstruction  to  the  circulation 
throagh  any  particular  system  of  arteries  may,  therefore,  practically 
be  placed  out  of  consideration. 

Even  if  it  were  appreciably  raised  in  a  particidar  set  of  arteries, 
there  are  good  grounds  for  believing  that  so  long  as  the  venous  chan- 
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nela  are  freely  open,  an  oedema  of  the  part  from  this  cause  would  not 
result.  Thus  (Cohnheim,  Xo.  31,  i.  p.  419),  when,  in  a  rabbit  or  do^ 
the  left  chief  branch  of  the  pulmonary  artery  is  ligatured  along  wit 
the  branch  of  the  right  going  to  the  upper  lobe,  or  when  three-foiu1.li 
of  the  larger  pulmonary  artery  branches  are  occluded  by  emlioliam, 
oedema  of  the  lung  does  not  follow. 

Even  increased  contractile  power  in  the  heart  seems  to  hare 
no  offoct  in  causing  cedema.  So  long  as  the  venoiu  outlets  are  free, 
the  blood  jiressure  apparently  does  not  rise,  and  cedema  is  couequently 
not  induced. 

236.  <2)  Arterial  Dilatation. — If  the  afflux  of  blood  to  a  part 
be  increased  by  dilatation  of  the  arteries,  will  this  call  forth  a  drojMy  I 
The  majority  of  the  experiments  bearing  upon  the  subject  have  been 
made  by  inducing  arterial  dilatation  either  by  division  of  the  vaso- 
constrictor nerve  trunks  or  by  irritation  of  the  vaso-diiators. 

It  U  a  \rell  •known  fact  that  in  certain  neoro- paralytic  aflectiona  th«n  i*  a 
great  tendency  to  dropey  of  the  extremities,  Struliing  (No.  91,  ix,  p.  S$l,  IMS) 
supposed  that  in  some  of  these  cases  there  may  be  an  increased  excitability  of  tha 
vnso-dilators.  In  those  who  have  tostained  a  fracture  of  the  spine,  with  compna> 
sion  of  the  cord  and  resolting  paraplegia,  (cdema  of  the  lower  eztremitie*  is  a  ooni* 
mon  symptom. 

Division  of  the  nympathetic  in  the  neck  of  the  rabbit  is  followed  in  course  of  tint 
by  an  enlargement  of  the  corresponding  ear.  \Miether  this  is  owing  to  an  cedema 
eanaed  by  the  paralytic  vascular  distension,  or  whether  it  is  a  true  growth  of  tbs 
tianes  dae  to  the  increased  supply  of  blood,  is  not  quite  clear.  The  latter  ri««  ii 
the  more  probable. 

Jankowaki  (No.  13,  xciiL  p.  269,  1883)  made  ont  that  after  inflaming  the  hind 
paws  of  a  dog  and  dividing  the  sciatic  nerve  on  one  side,  the  quantity  of  lymph 
returned  from  the  limb  in  which  the  division  had  been  practised,  as  well  as  the 
amount  of  odema  in  that  limb,  was  considerably  greater  than  in  the  opposita. 

In  dogs  rendered  artificially  hydrmmic,  Solrioli  (No.  40,  i.  p.  252,  1885)  fooad 
that  dropsy  onsned  only  in  the  limb  ic  which  the  sciatic  had  been  divided. 

Ostrouraoff  (see  reference  by  Brunton,  No.  178,  p.  840)  found  that  whea  the 
lingual  nerve  is  irritated,  not  only  do  the  veaaela  of  the  tongue  dilate,  bat  tht 
whole  side  of  the  tongue  becomes  redematous. 

When  the  chorda  tympani  is  stimulated,  a  copious  secretion  of  watery  saliv* 
occurs,  along  with  dilatation  of  the  blood-vessels  of  the  gland  (C.  Remai\l,  No.  (0, 
1862).  Brunton  (No.  173,  p.  341)  looks  upon  this  excesrive  secretion  as  due  to  111* 
lymph  spaces  of  the  gland  becoming  loaded  with  dropsical  liquid  which  the  I 
oells  take  np  in  excess. 

In  all  these  cases,  however,  the  dropsy  has  been  the  result  o(  an 
aimornudliy  in  the  nervt  supply  of  the.  part,  and  hence  there  may  be  a 
atase  at  work  other  than  the  purely  mechanical  arterial  diU^aH/m, 
The  relaxation  of  the  muscles,  for  instance,  and  the  consequent  hind- 
rance to  the  onward  flow  of  the  l^nnph  in  a  paralysed  limb,  might  be 
an  im{)ortant  factor  in  its  production, 

237.  (3)  Obstruction  to  the  Venous  Outlets.— Of  all  known 
factors  this   is  one  of  the  most  |)owerful  in  bringing  about  a  local 
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dropgy.  It  must  be  remembered,  however,  that  the  effect  of  occluding 
the  venous  outlet*,  either  completely  or  partially,  appears  to  depend 
upon  the  particular  vennts  drde  which  is  olistructed. 

Ab  a  matter  of  clinical  experience,  wo  know  that  when  the  {wrtal 
blood  is  hindered  in  its  transit  through  the  liver,  as  by  a  cirrhosis 
or  other  obstruction,  a  dropsy  confined  t«  the  altdomen  is  a  common 
residt.  The  poital  ramifications  on  the  aMomiiial  organs  are  found  in 
such  cases  engorged  with  blood,  and  there  seems  little  doubt  that  the 
causation  of  the  dropsy  is  purely  obstructive. 

When  some  of  the  larger  branches  of  the  portal  vein  in  entering  the 
organ  become  occluded  by  disease,  the  ca])illaries  in  connectioti  with 
those  which  are  still  pervious  become  so  dilated  within  the  liver  sub- 
stance as  to  give  rise  to  an  ai)p€arance  resembling  that  of  an 
angeiomatous  tumour. 

When,  on  the  contrary,  the  mitral  becomes  stenosed  so  as  to  narrow 
the  orifice  and  thus  hinder  the  return  of  blood  from  the  lung,  the  small 
veins  and  capillaries  of  the  lung  become  similarly  dilatetl.  It  by  no 
means  follows,  however,  that  the  lung  will  be  found  to  bo  oedematous. 
It  ia  usually  in  the  condition  known  as  "  brown  induration,"  but  many 
of  these  lungs  are  peculiarly  dry.  (Edema  may  be  met  with  in  such 
caaee,  but  not  constantly,  and  it  is  quite  possible  that  the  liquid  when 
present,  may  have  been  effused  as  the  heart  s  action  became  weakened 
during  the  agony. 

Welch  (No.  13,  Ixxii.  p.  392)  found  that  when  the  pidmonary 
circulation  was  obstructed  by  ligaturing  the  aorta  close  to  it«  origin, 
ao  oedema  of  the  lung  was  certainly  forthcoming,  but  that  the  bhiod- 
prewore  required  to  bo  raised  to  a  pitch  far  beyond  what  woidd  ever 
occur  in  Man  before  this  result  was  attained.  In  direct  ligature  of  the 
pulmonary  veins,  he  also  found  (pp.  398  and  400)  that  nearly  the 
whole  of  the  venous  outlete  must  be  occluded  before  oedema  of  the 
long  resulted. 

It  appears  likely  that  the  explanation  of  his  results  resides  in  the  fact 
that  the  capillaries  ramifying  on  the  alveolar  wall  are  so  readily 
distensiie  that  they  can  hold  a  lai^e  quantity  of  additional  blood 
without  having  their  pressure  materially  altered.  The  thin  layer  of 
epithelium  which  alone  covers  them  on  one  side,  together  with  the 
nflgkUre  intra-olveolar  pressure  during  inspiration,  will  tend  to 
•neonnge  this  accommodating  faculty. 

When  the  inferior  vena  cava  ia  ligatured  above  the  diaphragm  in 
the  dog,  as  shown  by  Richard  Lower  more  than  two  hundred  years  ago 
(Xa  174),  an  ascites  follows.  When  the  inferior  vena  cava  is  ligatured 
lower  down,  an  oedema  of  the  posterior  extremities  sometimes  follows, 
but  more  often  does  not  Ranvier  (No.  40,  Ixix.  No.  25,  1869  j  see 
also  Hehn,  No.  50,  No.  xl.  1873),  has  shown,  however,  that  when  the 
cava  is  ligatured,  and  when,  in  addition,  the  vaso-motor  nerves  going  to 
the  hind  limbs  are  divided,  oxiema  is  a  much  more  regidar  effect. 
When  the  vein  alone  is  ligatured,  the  blood  ia  evidently  ca[Mible  of 
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However  this  may  be,  the  fact  holds  good  that  ligature  of  a  silisle 
▼ein  retuniing  from  a  limb  hoM  little,  if  any,  effect  in  "«*«**■§  aa 
cedema.  \Vlien,  however,  several  branches  are  ocdoded,  m  \f 
the  injection  into  them  of  plaster  of  Paris  (SutuloJiewaky,  No.  13, 
IzxriL  and  Jankowski,  No.  13,  xciii.^  ft  local  (ideBMi  is  the  -~~' 
result.  When  the  branches  of  the  femoral  vein'  are  occluded  in  lliB 
by  a  thrombus,  a  similar  cedematous  swelling  of  the  knrar  ( 
foQowB  (phleynuuia  dolm$). 

238.  (4)  Obstruction  in  the  Lymph  Channels  and  Gl 
— Where  the  thoracic  duct  is  obstructed  to  occlusion  by 
uniMimj  of  tomoors  or  from  other  cause*,  the  periphenl  perciea 
Deooraes  raricoeely  dilated,  more  or  less  ascites  results,  and 
the  roceptaculum  chyli  may  rupture  (see  Chylous  Dropsy,  Sect  936). 
^VTien  a  local  set  of  ljTnj)hatic3  is  obstructed  by  ligature,  or 
when  the  lymphatic  glands  in  connection  with  them  are  excisC^ 
dropsy  does  not  follow  so  long  as  the  transudation  from  the 
remains  normal.  The  veins  seem  capable  of  functionally 
the  lymphatics  in  removing  the  liquid  effused  into  the 
(See  Cobnhcim,  No.  31,  i.  p.  408 ;  also  v.  Dusch,  No.  126,  vi  1861.) 
Collateral  lymph  channels  are  soon  opened  up  which  eerre  to 
carry  on  the  iil>Roq)live  function  of  the  part  as  befora 

239.  (5)  Obstruction  both  in  Veins  and  Ljrmphatics.— 
Where  lM)th  thu  veins  and  lymphatics  are  obstructed,  howerer,  as  by 
^plying  a  ligatiut)  round  a  lirob,  a  copious  local  dropsy  sets  in ; 
this,  according  to  Sotnischewsky  (loc  eil),  is  independent  of 
tho  vaso-motor  nerves  are  di^•ided  or  not. 

240.  (6)  Alterations  in  Walls  of  Capillary  Blood-vessels.— 
This  is  admitted  by  all  patholc^ats  to  be  a  most  important  factor  in 
the  production  of  a  certain  class  of  dropsies.  When  we  consider  how 
thin  and  dcliaite  the  cnpillary  wnll  is,  we  can  easily  see  that  a  i 
alteration  in  its  endotholiul  plates  would  render  the  transudataoo 
liquid  easier  than  in  heiilth. 

Tho  ox|)oriroant  which  has  the  most  direct  bearing  on  this  sabji 
is  that  of  tho  stimulation  of  tho  chorda  tjTapani  in  an  animal 
by  atropine  (Uoidenhain,  No.  169,  v.  p.  309).     The  sub-i 
gland  becomes  congested,  but  neither  is  there  an  increased 
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from  its  gland  cells,  nor  ia  the  (juantity  of  lymph  which  drains  away 
from  the  lymphatic  trunks  of  the  neck  at  all  increased.  The  gland 
cells  cease  to  secrete,  and  the  vessels  of  the  gland,  although  they 
become  distended,  fail  to  allow  the  liquid  to  escaiw  from  them. 

The  usual  explanation  given  of  this  experiment  ia  that  the  atro- 
pine paralyses  the  secreting  nerve  twigs,  and  hence  puts  a  stop 
to  the  flow  of  saliva.  This  would  not^  however,  account  for  the  ab- 
sence of  cedema  in  the  gland.  Brunton  (loc.  cit.,  p.  342)  explains  it  on 
other  grounds,  namely,  that  the  atropine  has  some  direct  and  imme- 
diate action  upon  the  tissues  of  the  vessel  walls  whereby  their  power 
of  allowing  the  liquid  jxirt  of  the  blood  to  exude  is  abolished. 

0««kell  (see  No.  173,  p.  343)  bas  Eho^v-Il  that  dilute  acids  muse  rulaxation  of  tho 
mucnUr  mbatuioe  lioth  of  the  heart  and  blood-vessels,  vhUe  dilute  alkalies  have  an 
oppo«it«  eRiMt.  Brunton  and  Cash  (No.  178,  p.  348}  have  observed  that  not  only 
do  th«  veasela  dilate  under  the  inilnence  of  acids  added  to  the  blood,  bat  that  the 
tiasaea  become  (Edematous  from  the  increased  transudation  through  the  walls  of  the 
former ;  and  they  think  it  probable  that  the  cause  of  this  \b  an  alteration  eSecteil  by 
the  acid  whereby  tho  coats  of  the  vessels  are  rendered  more  permeable.  There  is  also  a 
strong  belief  (Cohnheim,  Lister,  and  others),  that  in  inflammation  there  must  b« 
some  marked  alteration  in  the  walls  of  the  yessels  allowing  of  the  increased  transud- 
ation, and  probably  accounting  for  several  other  phenomena. 

241.  (7)  An  undue  Laxity  of  the  Tissues. — There  cannot  be 
much  doubt  that  the  less  resistant  the  tissues  surrounding  the  small 
blood-vessels,  the  more  likelihood  will  there  be  of  any  unduly  great 
vascular  proseure  causing  an  increased  transudation  of  liquid.  We 
Boe  this  borne  out  in  tho  fact  that  soft  areolar  tissues,  such  as  those  of 
the  eyelids,  backs  of  the  hands  and  feet,  and  scrotum,  become  dropsical 
in  preference  to  hard  dense  tissues,  such  as  muscle,  bone,  and  tendon. 

Landerer  (No.  113)  holds,  on  the  principles  previously  explained  (Sect,  194), 
that  the  commonest  cause  of  dropsy  is  the  loss  of  the  elasticity  of  the  tissues  along 
with  an  alteration  in  the  walls  of  the  vessels.  This  loss  of  tho  natural  counterpoise 
of  the  tisanes  may  bo  tho  result  of  a  long-continued  distension  of  the  vesisels.  Brun- 
ton {loc  cU.)  calls  attention  to  tho  fact  mentioned  by  Lndwig  that  short-haired  dogs 
more  lymph  than  those  which  are  long-haired,  and  accounts  for  it  by  their 
'  fasciiG  being  much  more  rigid,  and  hence  forcing  out  u  greater  amount  of 
lymph  each  time  the  muscle  contracts.  The  lymph  has  not  such  s  tendency  to 
aocumolate  in  them  as  in  an  aniraol  with  lax  tissurs,  and  prolmbly  the  same  laxity 
carried  to  an  extreme  may  at  least  aid  in  producing  certain  dropsies. 

242.  (8)  A  wrong  Composition  of  the  Blood. — Cohnheim 
and    Lichtheim    (No.  13,  Ixix.  p,   IOC)   found    that  when    dogs   are 

lered  artificially  hydremic  by  injecting  large  quantities  of  06  j>er 
It  salt  solution  into  the  blood-vessels  so  as  to  produce  a  hydrxmic 
plethora,  the  quantity  of  fluid  exudation  which  is  given  off  into 
several  organs  is  markedly  increased.  It  makes  itself  first  appreciable 
by  an  inorease  of  the  stream  issuing  from  the  lymphatics  and  in  course  of 
time  by  infiltrating  the  meshes  of  the  tissues  of  the  organs  ^ect«d. 
Tba  organs  which  are  tho  subject  of  this  ucdema,  however,  are  not 
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those  which  are  the  usual  geat  of  general  dropsy  such  as  that  from 
disease  of  the  kidney.  On  the  contrary,  these  remain  free  from  oedema, 
while  those  which  l)ecoiue  hydrajmic  (pancreas,  kidney,  spleen,  lympfa 
glands,  gall-hlatlder,  retro-j)critoneal  cellular  tissue,  and  coiinecliv»1 
tissue  of  salivary  glands,  etc.),  are  exactly  those  which  are  excepted 
in  dropsy  from  renal  disease.  Neither  the  pericardial  sac  nor  pleunl 
cavities  contain  any  excess  of  liquid ;  the  lungs  arc  unusually  drj' ; 
but  the  connective  tissue  spreading  out  from  the  hilus  ]mlmoniB  is 
slightly  swollen  and  a?dematous.  These  observers  concluded  (p.  137) 
that  neither  hydremic  plethora  nor  hydrasiiiia  can  account  for  tha 
oedema  of  renat  disease. 

It  might  be  supposed  that  the  extra  liquid  was  shed  by  the  kidn« 
which  thus  acted  as  a  safety  valve.  Fleischer  (No.  176,  No.  L  July^ 
1886),  in  order  to  test  the  validity  of  this  objection,  first  tied  the 
ureters,  and  subsequently  injected  large  quantities  of  neutral  liquid 
into  the  circulution.  He  found  that  the  blood  pressure  was  not 
permanently  raised,  and  that  there  was  no  anasarca.  The  addition  uf 
urea  to  the  liquid  made  no  difference. 

(Edema  of  Skin  in  Uydrctmia. — A  curioua  point  is  that  in  such  exper 
monts  on  dogs  the  skin  does  not  become   oedematous,  and  Sidi 
(No.  49,  No.  I.  1885,  p.  252)  explains  it  on  the  supposition  ihot 
skin  of  the  dog  is  less  permeable  to  water  than  that  of  Man.    It . 
piobable,  however,  that  the  cedema  of  the  skin  in  human  renal  dia 
may  in  |>art  l>e  due  to  the  long-continued  stretching  of  the  tjisaea. 

In  all  these  ex|)erimcnts,  moreover,  on  dogs,  the  animal  was  allow«d 
to  live  only  a  few  hours.  The  oedematous  stretching  of  the  akin  is  a 
comparatively  slow  process  in  oedema  from  ronal  disease.  The  sldii 
of  the  dog  may,  likewise,  be  more  resistant  than  that  of  Mao,  and 
hence  woidd  require  a  more  prolonged  effort  to  stretch  it. 

Cohnheim  and  Lichtheim  (Uk,  cit. )  luppoeed  that  the  akin  in  reiuJ  diMMt  sad  I 
the  Tmiioua  cacbexin  accomimnied  by  dropay  may  be  in  a  morbid  (talc 
a«nmed  that  in  the  hydnemia  of  renal  diaeaae,  anmnia,  and  to  on,  where  tbcf*  b  a 
wrong  compoiition  or  the  blood,  the  vemd  walls  most  generally  be  in  a  atatc  Cartar- 
able  for  the  increased  transudation  of  liquid,  and  that  those  of  the  akin  are  aiiaiWIy 
debilitated.  They  thoa  regarded  the  <nlema  in  inch  caa«s  not  ao  much  a*  diraetlj 
depaodant  apon  hydnemia  ••  upon  this  increased  permeability  of  the  TMael  walk. 

A  common  form  of  drofisy  is  that  resulting  from  extreme  anzmia, 
and  here  it  is  at  any  rate  probable  that  the  nutrition  of  the 
of  the  veaaela  is  insufficiently  supported,  and  that  on  this 
they  allow  an  increased  transudation. 

Hffdraemia  and  Dnition  of  Sdatie. — According  to  Salvioli  {loe.  cU,\ 
division  of  the  sciatic  nerve  in  artificially  hydrtemic  dogs,  renders 
corresponding  limb  tedematoiu.     Uow  this  comes  about  may  be 
to  question. 

AUtfatian  in  Specifie  Gravity  of  Blood. — There  may  be,  however,  ao- 
otber  explanation  of  the  oedema  which  aooompanies  an  alienoion  ia 
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the  composition  of  the  blood,  namely,  that  being  of  improper  specific 
gravity,  it  increases  the  difficulty  in  circulating  the  blood  corpuscles, 
and  hence  tends  to  increase  the  whole  vascular  tension  and  to  press 
out  a  greater  quantity  of  water  than  usual  (see  "  Alburainiu-ia.") 

Oen^rai  Literature  on  Dropty, — Baur :  De  la  Pathog<^iii«  (ies  Hydropsies,  1877> 
Bergeon :  Dts  Uydropisiea  en  general,  1852.  Bouillaud :  Goz.  il.  U6{<.,  tiiL  1880, 
!>. 'JO.  Bright  (R.)  :  Reports  of  Med.  Cases,  1827,  p.  31  ;  aUn,  Guy's  Hosp.  Rep.,  1836. 
Brechin:  Goz.  d.  Udp.,  xlviL  1874,  p.  177,  <■/  seq.  Christison  :  Ou  Granulsr  De- 
generation of  the  Kidneys  and  its  Connection  with  Dropsy,  1839.  Colin:  BoU.  Acad, 
da  MM.,  viii.  1879,  p.  1283.  CoUeville:  Kssai  siir  Quelques  Varivt^  d'Anosarques 
■om  Albuminurie,  1885.  Cordier :  Des  Mytlropi.<iies  en  g^n^ral,  18i6.  Courtois : 
De  I'Hydropisies  en  g^n^ral,  1854.  Dayidson  (Epidemic  D.) :  Ediu.  Med.  Jouni., 
xitU.  1881-2,  fi.  118.  Hartmann :  BerL  klin.  Wochnschr.,  ixiii.  1886,  p.  612. 
Johnson:  Lancet,  1864,  L  p.  S9 ;  also,  Brit  Med.  Joom.,  1808,  i.  p.  213.  Laycock 
(Nenroos  Influence) :  Edin.  Med.  Joum.,  zi  1866,  pp.  775,  895.  Reilhac :  Des 
Hydroplaies  en  gininl,  1847.  Senator:  Arch.  f.  Path.  Anat.,  cxi.  1888,  p.  219. 
Sharkey:  Med.  Press  and  Circ,  vi.  1868,  pp.  SOS,  524.  Smith  (Acute  (Edema): 
Ind.  Med.  Oar,  Calcutta,  liv.  1879.  Straus :  N.  Diet  de  Mid.  et  Chir.  prat,  iriii. 
1874,  p.  S3.  Strelzoff :  Acad,  de  Sc  de  Montpel.  Mem.  Sect  med.,  iv.  1864,  p.  163. 
De  Veseaux,  De  Laveryne:  £tude  critique  sur  la  Patbog.  des  Uydropisies,  1873. 
Virchow:  Uandbnch  d.  Spec.  Path.  u.  Themp.,  i.  1854.  Wagner:  General  Path- 
ology (Eng.  traniL),  1877,  p.  224. 

LUertUitrt  on  biology  qf  Ihropty. — Adam  :  Alterations  des  solide-s  et  des  liquides  qui 
peavent  prodoire  let  bydropisies,  1880.  Barr  :  Med.  Press  and  Circ.,  xli.  1886,  p.  491 ; 
ail),  Path,  and  Treatment  of  Dropny,  1 886.  Bernard  (CL )  (Artificial  Hydremia) :  Compt. 
rend.  Soc  d.  BloL,  1849.  Boddaert :  Anu.'Soc.  de  m^  de  Oand.,  UiL  1875,  p.  209. 
Boragine :  Gazz.  med.  itol.  prov.  venete,  xiii.  1870,  p.  393.  Bott :  Berl.  klin. 
Wochnflchr.,  li.  1874,  p.  100.  Cobleich  (Nerrous) :  Mod.  and  Surg.  Ri-p.,  Phila., 
zziTt.  1877,  p.  74.  Dedauz  :  De  I'kiologie  des  hydropisies,  1955.  v.  Dembowski : 
Ueb.  d.  Abhiingigkeit  d.  CEdema  v.  Hydraemie,  etc  1885.  Denis  :  De*  caiuse-i  do 
lliydropisle,  1852.  Dutrochet :  Nouvellcs  recherchea  sur  Tendosmose  et  I'eiosniose, 
1828.  GatUard  :  Sur  la  pathog«iiie  des  )iy<lro]>isie8,  1863.  Hehn :  Centralbl.  t  d. 
me<I.  Wissensch.,  xi.  1873,  p.  625.  Hemandez-Hevia  :  litudo  sur  I'aacite  I'anasarque 
et  l'cB<lt<m^  1857.  Lebert  (Artificial  Uydnvmia)  :  Compt  lend.  Soc.  d.  BioL,  1849. 
Lefeurre :  De  I'itiologie  des  hydropisiea,  1851.  Lewald  :  Beitr.  z.  Theorie  d.  Eusteh- 
nng  d.  CEdeme,  1885.  Mathiew:  Arch.  g^.  de  lued.,  1885,  i.  p.  656  ;  llnd.,  1886, 
iL  fL  171.  Moucade  :  6tude  nat  I'^tiologie  de  I'ascite,  1874.  Le  Noir :  Essai  sur  la 
pathog^e  de  I'aacite,  1875.  Schmidt :  Ann.  d.  Chemie  u.  Phar.,  1848.  S^e :  Lefons 
da  pathoL  ezpiiimentale,  1866, 
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243.  Nomenclature. — According  to  the  tissue  or  cavity  in  which 
the  dropsical  liquid  has  accumulated,  special  designations  are  oorr»>  < 
spouduigly  employed.  Where  the  dropsy  is  more  or  less  general  the  con» 
djtioa  is  known  as  anasarca  (uva  and  ira-p^,  flesh).  If  the  tiasuea  are 
locally  iiitiltratod,  as  where  the  eyelids,  lung,  or  scrotum  are  the  only 
seat  of  it,  the  term  C£dema  {o!&iiD,  to  swoil)  is  usually  applied. 

A  collection  of  dro}«ical  liquid  %vithin  the  pleura  is  known  u 
a  hydrothorax   (Mwp,  water) ;   that  within  the   pericardium  as  m 
hydropericardium ;   und   that  within  the  abdomen  as  an  ascites 
(fUTKOi,  a  sac)  or  hydroperitoneum.     A  distension  of  the  ventridea 
of  the  brain  is  termed  a  hydrocephalus  (kci^X?),  the  head) ;  «tul 
where  a  congenital  deficiency  exists  in  the  skull,  and  the  membnuiM 
distended  >ritli  liquid  are  protruded  through  it  so  as  to  form  a  tumonr,  | 
the  condition  is  known  aa  a  meningocele  (/^^^'y^'.  a  membrane,  >adl 
m/Ar;,  a  tumour);  where,  in  addition  to  the  membranes,  the  tiunoor 
contains  a  thin  layer  of  brain  substance,  the  term  hydrencephalocclc 
(<y/(f<^Ao«,  the  brain)  is  employed.     Distension  of  the  central  canal  of 
the  spinal  cord  is  known  as  a  hydrorachis  (i^\ii,  the  spine) ;  a  dropsy 
of  the  tunica  va^nnlis  as  a  hydrocele  ('"}Ai],  a  tumour);  that  of  th^i 
eyeball  a  hydrophthalmus  {otfidaXfto^,  the  eye) ;  while  a  dropadoal ' 
over-distension  of  the  womb  receives  the  name  hydrometra  (fiifrpa, 
the  womb),  and  that  of  the  Fallopian  tube  hydrosalpinx  («r<£A.a-»y^ 
a  tube).     Dropsy  of  the  lureter,  pelvis  of  the  kidney,  and  calices  ia  called  ^ 
a  hydronephrosis  (>^<t>p^t  the  kidney) ;  and  that  of  a  joint  a  hy- 
drarthrosis {apOpov,  a  joint). 

244.  General  (Edema  or  Anasarca. — The  tiasuee  which  beooma 
most  dLstendod  are  those  which  are  liKjsest  in  texture.  The  eyelids, 
particularly  the  lower,  the  scrotum,  the  Uicks  of  the  hands  and  feot^ 
and  the  areolar  subcutaneous  tissues  on  the  front  of  the  trunk  are  the 
particular  localities  in  which  it  is  to  be  first  looked  for,  and  in  which 
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the  liquid  tonds  mostly  to  accumulate.  The  areolar  fibrous  tissues 
become  opened  out  and  their  interspaces  filled  with  liquid.  The  con- 
nective tissue  nuclei  tend  to  be  shed  from  the  bundles  on  which  they 
lie,  and  become  more  i>rominent  objects  than  previously,  while  the  fat 
is  in  part  absorbed.  The  superficial  layers  of  epidermis  are  separated 
from  the  deep,  and  are  sometimes  thrown  up  in  blebs,  and  in  the  event 
of  the  lung  being  simultaneously  ocdematous,  the  epithelium  of  the 
alveolar  cavities  and  that  of  the  smaU  bronchi  is  extensively  shed. 


M 


"\K 


>.  X  V 


Fio.  inn     ITlMBiliiln  FaaiXBOiccnuL  Fibrous  Tioiri  or  LcT(a(x  UOTiuaa.) 

<a)  (a,  a,  a)  OoBMeitM  tlum  etXpUelM,  dcaqnAmaUMl  uid  rtenoUtnl;  Q))  bandit  Of  wblt* 
fltnca ;  (c)  ooogiated  wil  (Ftera-oannlne  and  FunnU'  lolatloo.) 


The  causw  of  anasarca  miut,  of  course,  be  more  or  less  general. 
Kenal  disease,  or  renal  disease  accompanied  by  a  cardiac  valvular 
deficiency,  is  by  far  the  commonest  Minor  degrees  of  it  occur  in 
anemia  whether  or  not  connected  with  some  dyscrasia. 

In  mnn  dinuites  ■  general  •DtMrca  sometimes  comes  on  roddonly  during  the 
nlnii.     It  alTocts  both  nstivvs  and  Europemu. 

245.  Local  oedema  may  be  due  to  so  many  different  causes,  that 
it  is  impracticable  to  refer  to  them  hero  in  a  systematic  manner. 
Soma  of  the  more  specialised  local  cedemaa  are:  (1)  The  Lymph 
ScTx>tum  and  L'/mphatic  (Edrma  of  the  Leg  or  Ele])hantiasi8  Ijinphangi- 
ectodes  of  tropical  and  subtropical  climates.  This  disease  ajiiicars  to 
be  asaociatc<l  bojorid  doubt  with  the  [jorasite  known  as  the  filaria 
saogtlinis  hominis  (see  "Animal  Parasites,"  vol.  ii.)     The  expkna- 
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tion  given  by  Lewis  (No.  177),  Manson  (No.  176,  xiii.  30;  xiv.  1  ; 
xviii  31  j  XX.  13),  and  others  of  the  cause  of  the  disease  is  that  the 
lymphatic  vessels  and  lymph  glands  become  occluded  through  the  pro-1 
sence  of  the  parent  jwnisito,  the  embryos,  and  the  ova. 

The  scrotum  or  log,  as  the  case  may  be,  is  much  swollen,  and  thai] 
bundles   of  areolar   tissue   become   widely  separated  by  irregoluiy- 
shaped  spaces,  tilled  with  albuminous  liquid,  containing  a  few  lymph  j 
corpuscles  and    the  embryo  parasites.     These   spaces  are  in  reaUtyl 
dilated  lymphatic  vessels. 

Ai  to  whether  the  obatnictire  theory,  kbove  referred  to,  bo  tenable  or  not,  there  maf 
be  some  dilTerencu  of  opinion.     From  expvrimsntal  evidence  already  qnot«<i  (Sect. 
2S8),  it  8«ema  that  the  obstruction  of  the  oDtire  lymphatic  trunks  of  a  limb  alona 
is  not  sufficient  to  cause  a^oma.     Whether  a  conlinuout  and  prajrttrive  plnggiag  aCJ 
theae  by  the  embryo  parasites,  extending  over  many  months,  may  not  bring  aboat  th*  ] 
retolt,  seems  as  yet  not  to  haTe  been  disproved.    The  new  lymph  paths  opened  op  i 
the  old  ones  become  occluded  might  tnccessively  become  obstnicted  by  &«ah  fihti*! 
getting  into  them,  whereas  in  the  ordinary  experiment  of  ligaturing  the  lymjdkY 
channels  the  conditions  an  difleront 

(2)  QSdema  dw  to  Trichincs, — Another  form  of  local  oBdetna  dae 
to  a  parasitical  cause,  is  that  which  follows  in  the  face   and  Iiml« 
from  the  invasion  of  the  trichina  spiralis.     It  ha^i  been  asserted 
that  the  affection  is  due  to  an  obliteration  of  the  capilhry  voasels  of 
the  muscles  in  which  the  trichinae  become  embedded  (Colberg).     It  btt  , 
also  been  suggested  that  the  l}ani)hatic  channels  become  plugged  with  | 
them,  and  the  lymph  stream  thus  obstructo<l  (Klob).     Later  researches  ' 
seem  to  point  to  the  oedema  being  of  an  inflammatory  nature,  due  to 
the  irritation  caused  by  the  parasites. 

(3)  The  cause  of  cedema  from  the  poisonous  bites  of  insects  or 
stings  is  as  yet  unox])lained. 

Literatun  on  Local  CEdema.— Carrieu  and  Francois  :  Gai.  hebd.  d.  ee.  mM.  d. 
MontpcL,  iii.  1881,   pp.   61,  121.     Chossat:  Sur  lea  conditions  pathogintqwa  d«j 
oolt^iuni,   1S74.      Fleischer :    SiUangTib.    J.    phys.   med.  Soc.    rn   ErUog.,    I(M 
Hadden:  Uncet,  1«8«,  i.  p.  1'212.     Hervonet  (Unilateral) :  Gat.  m<d.  d«  Ka 
It.  1885-6,  p.  15.    Hesse  (Bacilli  in  Malignant  O.) :  Deut.  med.  Wochnichr.,  xL  \9Sti,\ 
p.  214.   Hutchinson  :  Lancet,  1876,  ii.  p.  281.    Ranvier  (Connectire  T.  in  O.) :  Goaf 
rend.  Acad.  d.  8c,  1871.     Rathery  :  Pat1iogdnie.de  I'CEdeme,  1872.    SalvioU  :  ~ 
Med.  Itoiu,  xix.  1885,  p.  59.    Strubing: :  Ztichr.  f.  klin.  lied.,  ix.  1885,  p.  381. 

246.  Hydrothorax. — The  liquid  which  accumulates  in  the  }>loar&I 
oivity  is  usually  clear  and  serous.     After  death  a  few  flakoe  of  fibrin, 
may  be  occasionally  seen  in  it,  but  these  are  probably  not  present  daring;] 
life.     The  thoracic  viscera  are  compressed   by  the  liquid,  the  long] 
eolUpeed,  flattened  like  a  placenta,  and  it  may  be  so  devoid  of 
that  a  portion  cut  off  sinks  in  water.     The  lung  itself  under  such 
circumstances  is  not  oxlematoua. 

247.  Hydropericardium. — The  quantity  of  liquid  naturally  pre- 
sent in  the  pericardial  sac  is  very  small,  not  more  after  death  than  a. 
drachm  to  a  drachm  and  a  half.     In  dropsy  of  the  sac  it  may  aocnma?'! 
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late  to  the  extent  of  many  ounces,  tbe  sac  becoming  distended  and 
the  percussion  dulness  increased.  \Vlicn  the  quantity  of  liquid  is 
comparatively  small  (15  oz.,  Sibson)  the  sac  assumes  a  pear  shape 
with  the  broad  end  downwards,  when  in  greater  quantity  (3J  lbs.)  it 
becomes  more  of  an  obtuse  cone,  tlie  base  downwards  as  before.  The 
broad  attachment  of  the  sac  to  the  central  tendon  of  the  diaphragm 
and  its  narrow  extremity  superiorly  where  it  exjjands  upon  the  aorta 
and  pulmonary  artery,  give  the  sac  naturally  a  somewhat  conical  shape, 
and  this  is  retained  when  it  is  distended  with  liquid.  The  percussion 
dulness  roughly  corresponds  to  this  shape. 

248.  Ascites. — The  liquid  here  may  also  sometimes  contain  a 
little  fibrinous  precipitate  after  death,  but  rarely  during  life.  It  has 
usually  a  citron-yellow  or  greenish  colour.  In  the  upright  position  of 
the  body,  fluctuation  is  readily  felt  when  the  abdomen  is  compressed 
on  the  one  side  and  lightly  tapjied  on  the  other,  When  the  body  is 
horizontal,  however,  such  a  distinct  sign  of  the  presence  of  liquid  can 
be  with  difficulty  elicited,  and  the  intestines  float  up  to  the  highest 
level 

LiUrature  on  AteiUt, — Anuiuld :  De  I'Ascitc  a.  trigore  ti  de  I'Aacite  rhenmatu- 
mala,  1874.  Besnier :  Diet.  Encycl.  d.  >c  m^d.,  vi.  1867,  p.  436.  Bristowe: 
Bepiolda'  Byst.  Metl.,  iii.  1871,  p.  260  ;  aim,  Dinaoaaof  loteatine  and  Peritoneniii,  1879. 
C^canaa:  Sar  la  Pathogenie,  etc.  de  I'Ascite,  1875.  Dumas:  Goi.  Hebd.  d.  Sc. 
M<-<1.  <1h  MontpeL,  TiL  1885,  p.  40.  Habersbon :  Uncvt,  l!<67,  i.  pp.  586,  662. 
M'DonaJd  :  Med.  Rec.  N.  Y.,  xiriii.  1885,  p.  513.  Murchison  :  Lectorea  on  Diaeaae* 
of  the  Liver,  Jaaodice,  and  AbdotninaJ  Dropsy.  O'Brien  (Acut«  Dropsy):  Indian 
M«L  Gtz.,  Calcutta,  ziv.  1879,  p.  127. 

.  249.  Hydrocephalus. — In  acute  meningitis  a  quantity  of  liquid 
is,  aa  a  rule,  poured  out  into  the  ventricles  and  into  the  spaces  between 
the  membranes.  This  cannot  be  regarded,  however,  aa  a  dro{>8y  proj>er, 
as  there  is  usually  an  effusion  as  well  of  more  or  less  inflammatory 
lymph  and  even  pus  within  the  mombnmes  at  the  base,  or  in  some 
other  locality.     (For  further  jwirticulars  see  "Acute  Meningitis.") 

True  dropsy  of  the  brain  and  its  membranes  is  usually  of  more  or 
lesa  chronic  origin,  and  is  frequently  congenital ;  if  not  congenital,  it 
supervenes  in  the  early  months  of  infancy.  It  is  piarticukrly  liable  to 
occur  in  rickety  children. 

It  has  been  described  aa  intemaJ  and  external  (Virchow),  according 
as  the  ventricles  or  the  spaces  between  the  roombranos  are  the  seat  of 
the  dropsical  effusioa 

Hydrocephalus  interaus. — AnaiomUal  Description. — If  the  sub- 
ject of  the  disease  be  an  infant,  the  head  M'ill  be  found  to  be  of 
enormous  size,  the  fontanollcs  and  sutures  of  the  bones  of  the  skull 
wiiiely  open,  the  scalp  thin  and  stretched,  and  the  face  when  compared 
with  the  head  unusually  small.  The  I>oncs  of  the  skull  are  thin  and 
diaphanous,  the  convolutions  of  the  bniin  flattened,  and  the  sidci 
opened  out  and  shallow.  The  veins  on  the  surface  of  the  brain  are,  aa 
a  rule,  compressed,  and  contain  little  blood,  and  the  amount  of  liquid 
in  the  subarachnoid  space  is  small  in  quantity.     The  acciunulation  has 
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essentially  taken  place  in  the  ventricles,  which  are  converted  into  one 
huge  common  sac. 

It  Avill  bo  remembered  that  the  di^^sion  of  the  ventrictdar  ajitoin 
of  the  brain  into  the  two  lateral  and  the  third,  is  a  purely  arbitnuy 
one,  and  is  brought  about  simply  Ijy  the  corpus  calloatun 
fornix  being  pushed  do^vnwards,  as  it  were,  and  thus  constit 
an  incomplete  partition.  The  foramen  of  Monro  is  nothing  more 
the  continuity  of  the  common  cavity  at  each  side  of  the  fornix  (a 
Fig.  8,  Sect  21).  If,  therefore,  the  fornix  with  the  coqnia 
losum  lj"ing  above  it,  were  driven  upwards,  and  moreover,  if 
septum  lucidum  were  driven  forwards,  the  three  ventricular  caviti« 
would  become  converted  into  a  common  8{Hica  This  is  what  actual]] 
happens  in  hydrocephalus.  The  fornix  and  corpus  callosum  art] 
forced  vpuxirdf,  and  become  stretched  to  such  an  extent  that  they 
bo  actually  destroyed,  or  so  attenuated  that  they  look  like  a  thin 
of  {Hirclinient.  The  foramen  of  Monro  consequentl}'  becomes 
hilat«d.  The  septum  lucidum,  with  its  attached  doscendinj;  pillars 
of  the  fornix,  is  driven  forwards  and  flattened,  while  yet  a<iditi<jtiiil 
space  is  gained  by  the  compression  of  the  basal  g^anglia.  The  latUT 
are  hardly  recognisable,  as  they  cause  almost  no  projection  on  the  floor 
of  the  cavity.  The  tuber  cinereum  is  extremely  thin  and  transparent ' 
in  fact  in  many  cases  it  can  haixlly  be  said  to  exist  The  velum 
interpositum,  and  the  choroid  plexus  lie  free  in  the  liquid,  aiul 
are  not,  so  far  as  the  author  baa  seen,  of  large  size,  nor  are  their  v« 
uimsually  congested.  The  cortical  gray  matter  of  the  organ  and 
subjacent  white  matter  are  so  attenuated  that  absolutely  in 
places  there  api)ear6  to  be  little  left  except  the  membranes,  Uood^^ 
vessels,  and  connective  tissue. 

It  will  be  remembered  that  the  common  ventricular  cavity, 
communicates  with  the  fourth  ventricle,  by  the  aipicduct  of  SylviiUkJ 
Tlie  latter  is  usually  so  distended  that  it  will  readily  admit  a 
quill,  sometimes  the  little  finger.     The  central  canal   of  the  spinal" 
cord  need  not  necessarily  be  distended.    The  walls  of  the  ventricles 
are  usually  covered  with  the  so-called  granulations,  so  frequently^ 
seen    in   various   chronic    diseases    of    the    brain    (vol.    ii.).       ~ 
anterior  commissure  is    not   destroyed,  but  lies  ex]io8ed  oo 
flixir  of  the  cavity.     The  ependjTna  may  be  considerably  thickened  i 
if  from  organised  lymph. 

The  quantity  of  liquid  contained  in  the  cavity  is  sometimes 
enormous.     From  a  child  two  weeks  old  the  author  has  known  as  mv 
as  76  ounces  to  be  ivithdrawn  after  death. 

Cautea. — This  subject  is  so  complicated  that  it  would  be  iigudic 
to  say  much  about  it.     There  are  so  many  possibilities,  and  so  fe 
facts  to  sup()ort  any  of  them  that  it  would  require  much  definit 
ex|>erimental  e%ndcnce  to  arrive  at  anything  like  Siitisfactory  codcIh 
sions.    Thus  the  venous  return  by  the  veins  of  Galen  or  by  the  i 
may  be  obstructed,  and  so  induce  an  unusual  exodus  of  liquid.  Althc 
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cases  have  been  recorded  in  which  some  obstruction  in  the  venous 
return  has  been  apparent,  yet  in  the  majority  of  instances  nothing  of 
this  kind  has  been  detected. 

A  too  great  yielding  capacity  of  the  cranial  vault  might  be 
r^arded  as  another  evident  cause,  and  the  rickety  habit  of  the  sub- 
jects of  hydrocephalus  lends  countenance  to  it,  as  well  as  the  fact  that 
the  liquid  ceases  to  increase  in  quantity  when  ossification  of  the  Tiones 
of  the  skull  ensues.  Whether  this  alone,  without  any  obstraction  in 
the  venous  outlets,  is  sufficient  to  induce  the  distension,  may  legiti- 
mately be  questioned. 

Fatality. — The  greater  numljer  of  children  affected  with  hydro- 
cephalus die  in  infancy  or  during  the  first  few  years  of  life.  A 
considerable  number,  however,  reach  adolescence,  even  where  in- 
spection of  the  |jartfi  after  death  reveals  such  atrophy  of  the  cerebral 
hemispheres  as  might  well  bo  supftosetl  to  be  incompatible  with  life. 

Hydrocephalus  Externus. — The  liquid  here  accumulates  in 
the  sub-dural  and  sub-arachnoid  spaces,  but  chiefly  in  the  latter.  The 
pia  mater  and  arachnoid  are  naturally  united  by  numbers  of  tra- 
beculse  of  fibrous  tissue,  between  which  are  intervals  filled  in  health 
with  cerebro-apinal  liquid.  The  8{>acca  are  lined  with  endothelium, 
and  are  to  be  regarded  as  so  many  Ij'mph  cisterns  or  receptacles. 
These  and  the  sub-dural  space  become  more  or  less  distended  in  this 
form  of  hydrocephalus. 

Catutts. — The  usual  cause  of  the  disease  is  a  shrinking  in  some  of 
the  cranial  contents,  manifestly  in  the  tissue  of  the  btuin  itself.  The 
cerebro-spinal  fluid  normally  fills  all  the  vacuities  not  occupied  by  the 
cranial  viscera,  and,  accordingly,  if  the  latter  decrease  in  bulk,  the 
former  will  corrcsiwndingly  increase.  In  old  age  a  shrinking  in  the 
aize  of  the  brain  takes  place,  and  hence  this  is  one  of  the  commonest 
factors  in  the  production  of  the  condition.  It  is  said  that  chronic 
drunkards  are  liable  to  a  similar  distension  of  the  sub-arachnoid 
space,  but  this  statement  should  be  accepted  with  caution.  A  loss  of 
brain  substance  sometimes  supervenes  on  embolism,  hemorrhage, 
etc.  As  the  dead  brain  tissue  becomes  absorlicd,  a  localised  poren- 
cephalous  condition  follows,  in  which  the  vacuity  is  occujjied  by 
loose  trabecule  of  fibrous  tissue  filled  with  liquid. 

tjitmtitwr*  tm  Hydroeepkalui. — Adamldewicz  (BmiD  Pressaro — erperinientat)  :  Sitt- 
vat/lb.  d.  k.  Akad.  d.  WUnen.  Wien..  Ixxzriii.  H.  1,  Ab.  3,  1884,  p.  11.  AMfield  :  Die 
MtaMUongm  d.  Meii*eh«D,  Ab.  U.  1882.  Amdt :  Aruh.  f.  path.  An»L,  lii.  1871,  p.  43. 
BegWeand  Haldane:  K-liu.  Me<t.  Joam.,  \%bl>-6,  L  pp.  718,  7S1  ;  aUo  m  Select  of 
Woni  of  fomer,  1882,  p.  83.  Belt :  Bo«toii  Med.  and  Surg.  Journ.,  Uxxir.  1871,  p. 
IIO.  Bouchttt:  Paric  mM.,  Ix.  1884.  Bouillaud  :  dai.  d.  hAp.,  XXXV.  1862,  |>.  2. 
Chopin:  Am.  Me<l.  lltnea,  N.  Y.,  vi.  186;),  |>.  121.  Dickinson:  Uocet,  1870,  it  p. 
7a  tt  tr>i.  Edmunds:  Tnui*.  P»th.  Soc  Lond.,  xixii.  1S80-1,  p.  4.  Forcheiiner: 
Jouni,  Am.  Mml.  Auoc.,  Oilcaso,  ir.  1886,  p.  286.  Gaggel :  Der  Hydrix^iih.  u.  d, 
HyilmrrhAcbU,  1868.  GriCBtb :  Tntatiie  ou  Hydrocephalus  1835.  Huguenin : 
Handb.  d.  fp«c  P«tli.  (t.  Zi«nuu«n,  (uppl.  Bd.),  p.  1.  Kent:  Cbiraito  Mvd. Tlni««,  xl. 
lfl7>-80,  pp.  372.  417.  Leber:  Arch.  f.  Ophth.,  nix.  1883,  p.  273.  Minot:  Syrt. 
PriK^  MmL  (Pepper),  Phlla..  v.  1886,  pp.  740,  723.  Newman:  Olasg.  Mfd.  .loiini., 
STilL  1882.  p.  161.    Prudden:  Med.Rec,  X.  Y..  xxvii.  1885,  p.  967.    Pye-Smith 
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(Traamatic) :  Traiu.  Path.  Sck-.  Load.,  xrrii.  1876,  p.  27.     Ramsldll :   Reynolda'  Syith] 
Mvd.,  ii.  1S68,  p.  397.     T.  Recklinghausen :   Arch.  f.  path.  Anat,  xzi.  1864.  p.  <7I 
Seitz :  Per  Hydroceph.  Actitu»  d.  ErwachKoen,  1872.     Wilks  lAcute) :  Guy'*  F 
R.'p.,  ri.  1860,  p.  101 ;  also,  J.  Ment.  Sc,  i.  1864,  p.  620.    Williams:  T«u«i 
and  Surg.  Rec,  Galveston,  i.  1881,  p.  312.    Wood:  Arch.  PedUt.,  PhU^,  t.  1884,  p^ 
748. 

250.  Hydrencephalocele  and  Meningocele. — It  occaaionally 
happens  that  a  congenital  local  deficiency  in  the  hony  cas«  of  the 
cranium  exists  at  some  i>art,  and  a  protrusion  of  the  brain  covorod  by 
its  niemlirdnes,  or  of  the  membranes  alone,  takes  place  through  it. 
In  the  first  case  the  comlition  is  known  as  a  Hydrencephalocele, 
in  the  latter  as  a  Meningocele.  The  a{)crtura  in  the  akull  is 
usually  round,  and  most  commonly  situated  at  the  occiput  or  at  the 
root  of  the  nose.  Whether  the  bony  defect  is  the  result  or  the  auut 
of  the  tumour  remains  undecided.  If  the  latter,  the  fact  might  ranki 
as  an  argument  in  favour  of  the  view  that  the  pelding  capacity  of  the 
cranial  vault  is  the  cause  of  hydrocephalus  intemus. 

LUtnUiirt  of  nudre^etpKaloeiU  a%d  MtKingocfU, — Agnew :  Med.  aiid  Sur^.  Re> 
porter,  Phils.,  zziii.  1S70,  p.  32.     AUfield  :  Die  Mis«hildang«ti  d.  MeoAcbea.  Alt,  iLj 
1882.     Baxter:  Trans.  Path.  Soc  Lond.,  xuiii.  18S1.2,  p.  1.      Breesnee: 
tot   de   IcenaiH  der   hydromeoingocele,    1370.       Marshall:    Lancet,    1835,    i.  p. 
Pepper:  Anu.  Joam.  M.  Sc,  Phik.,  lix.  1870,  p.  417.    Ziegler:   Piatb. 
(tnuul.),  pt.  1,  1883,  p.  27. 

251.  Hydrorachis. — This  is  the  generic  term  employed  to  indi- 
C4ite  a  distension  of  the  spinal  cord  or  its  membranes  by  cerebrospinal  i 
fluid.     Where  there   is  a  universal  or  widespread  distension  of  the ' 
central  canal  the  term  Hydromyelia  (/*vtA.o?,  marrow)  is  usually  given 
to  the  condition,  while  that  of  Syringomyelia  («rvpty^,  a  tulie)  is 
more  commonly  applied  to  irregidarly-shn])cd  cavities  found   in  the 
substance  of  the  cord  either  connected  with  the  central  canal  or  not , 
(Langbans,  No.   13,  Lxxxv.)      The  former  is,  as  a  rule,  congenital,' 
whereas  the  latter  in  most  cases  seems  to  be  a  product  of  after  Ufa 

The  designation  of  Spina  bifida  is  given  to  that  condition  in 
which  some  part  of  the  vertebral  arch  is  deficient,  tbiu  allowing  the 
membranes  to  protnide  in  a  cystrlike  tumour.  The  deficiency  in  the 
vertebrse  comprises  that  of  the  spines  and  lamime,  and  is,  in  moefej 
cases,  situated  in  the  liunbar  or  lumbo-dorsal  region.  Cases  do 
in  the  cervical  port  of  the  spinal  column,  and,  when  so,  they 
usually  accompanied  by  some  defect  iu  the  bones  of  the  skull.  There 
is  commonly  only  one  tiunour,  but  several  have  been  described  in  the 
same  subject  The  tiunour  forms  externally  a  roimdcd  or  somewhat 
flattened  doughy  swelling,  which  increases  in  size  while  the  patient 
in  the  erect  [)08ition,  but  subsides  jxtrtially  or  completely  when  proo*.  i 

There  is  occasionally  an  umbilicus-like  depression  on  the  lur&c^j 
corresponding  to  a  point  to  which  the  end  of  the  spinal  cord 
become    adherent      According  to  Virchow  (No.    13,  xrvii.   j».  576) 
it  is  only  in  cases  located  at  the  very  lowest  point  of  the  spinal  CMmtl 
that  the  tiunour  is  a  piu*e  Hydromeningocele,  that  is  to  aay,  is-; 
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which  the  cyst  is  composed  entirely  of  the  dwra  mater  or  of  this 
with  the  dro|)8ical  arachnoid.  Such  cases  are  rare.  In  by  fur 
the  greater  number  of  instances  the  sue  consists  of  the  skin  and  im- 
mediately subcutaneous  tissues,  together  vrith  the  memlirancs  covering 
the  cord,  and  into  it  the  cord  baa  been  dragged.  In  the  ordinary 
lumbar  or  lumbo-sacral  variety  the  spina)  corci  is  att:tche<J  by  its 
termination  to  the  depression  on  the  surface.' 

The  nerves  of  the  cauda  equina  or  cord  are  flatly  applied  to  the 
interior  of  the  sac  previous  to  their  being  periiiherally  distributed. 
In  some  cases  there  may  be  a  communication  between  the  sac  and  the 
centra]  canal  of  the  spinal  cord  through  a  cleft  in  the  latter,  so  that 
th«  liquid  of  the  sac  and  that  of  the  cerebro-8]jinal  central  canal 
freely  intermingle. 

Cau-if. — Hero  there  is  the  same  difficulty  as  in  the  case  of  the 
Enccphalocele,  in  saying  whether  the  formation  of  the  sac  or  the 
deficiency  of  the  vertebra;  hits  been  primary.  The  matter  is  so 
uncertain  that  the  author  refrains  from  givini;  iin}^  ojiinion. 

The  irregularly  shaped  or  syringomyelitic  cavities  sometimes 
wen  in  the  spinal  cord  appear  trj  arise  in  several  ways  (Leyden, 
No.  13,  Ixviii. ;  and  Langhans,  No.  13,  Ixxxv.)  Some  of  them  are 
more  offahoota  from  the  central  canal  of  the  cord,  and  -when  so,  are 
usually  located  in  the  gray  matter ;  while  others  may  arise  from 
hiemorrhnges  and  softenings  of  the  white  matter  of  the  cord  from 
which  the  debris  has  been  absorbed.  The  former  are  lined  by 
cylindrical  epitheliiun,  the  latter  are  commonly  not. 

Liieraturt  nn  UydnmichU  and  Sjiina  Bi/itla. — AhlfieJd :  Die  Mi9«bllduiig«n  d. 
Ifenaoben,  1882.  Aahurst:  Byat.  Pmct.  Med.  (Peji[>eT),  PbiU.,  x.  18S6,  ]•.  757. 
Barron:  Laocn,  1882,  li.  p.  II08.  Demme:  Wieu.  m«d.  Blntt,  vii.  1SS<,  p.  803. 
Ftintner  and  Zacher  (Korniation  of  f'arities  in  Cord) :  Arch.  f.  PsyoLiat.,  xiv.  1883, 
p.  i'22.  Hofmokol:  Arch.  f.  Kindiirh.,  iii.  1881-2.  p.  112.  Humphry:  Lancet, 
U6&  i.  p.  :-:>?  ;  ">>.;  ,T,inni.  Anat  and  Ph}-»iol.  rix.  1884-6,  p.  600  ;  /bui.,  xx.  1885-6, 
&Mfw  Jacobi :  M'-l.  Iloo.  X.  Y.,  xxiii.  1883,  p.  357.  luein  :  Znr  Oumiatlk  d.  Sp. 
niite,  ISS'i.  Maclean :  St.  Tbomu's  Bosp.  Kep.  (1884),  xiv.  1880,  p.  247.  March- 
and  (nrrrnt  Works  ou  S.  B.)  :  Deut.  uitiX.  WooliuKdir.,  riii.  1882,  p.  627.  Moore  : 
Mol.  Timvs  add  Gaz.,  1880,  iL  p.  622.  Morton  :  Brit.  Med.  Joura.,  1S83,  L  p.  82. 
Parker  {Hep.  of  Committw)  :  Lancet,  1885,  i.  p.  989  ;  fl/jo,  Brit.  Me.L  Jouni.,  1885, 
i.  p.  10i»8.  T.  Recklinghausen:  Att^li.  f.  Patb.  Anat.,  cv.  1886,  p.  29S,  et  leq. 
Roberta:  N.  Y.  Mwl.  Joum.,  nxix.  1884,  p.  8U.  ShattOCk:  St.  Thomas'a  Hoap. 
fWy.  (1884),  »iv.  1880,  p.  248.     Thomas:  GB^lla^^'8  Med.  Jouni.  N,  Y.,  xxxix.  1886, 

W2:i7.     Toumeux  and   Martin:  Jonrn.  de  I'Aoat.  et  Phv^iol.,    xrli.  1881,  p.   1. 
e  ■ -     -       - 


^estphal  iSjTio^aiyelia,  tnuul.) :  Braia,  Ti  1883,  p.  146, 
Joun...  1A«3,  it  p.  825  ;  /M.,  1884,  1.  p.  165. 


Whithead :  Brit.  Med. 


252.  Hydrocele. — In  an  ordinary  hydrocele  the  accumulation 
of  liquid  takes  place  in  the  sac  of  the  tunica  vaginalis.  The  testicle  ia 
pushed  backwards  and  flattened,  and  may  ultimately  undergo  atrophy 
from  the  pressure  of  the  liquid. 

'  MotyigBl  ("  Da  Mdibus,"  quote<l  liy  Virchow,  /oc  cit.)  woji  at  a  Irxu  to  know  liow 
Cha  eard  eould  b«  praMot  In  a  part  of  the  apinal  coluoin  wherv  only  caiida  equina 
naturally  *xUt«.  Virchow  rxplaina  it  enibryologicaUy  by  the  ipiiial  cord  exVinding 
originally  throaghout  iha  entire  apiual  canal. 
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Cong^enital  Hydrocele  is  a  dropsy  of  the  tunica  where  in 
luldition  the  original  o])cnirig  between  the  peritoneal  cavity  and  the 
sac  remains  patent. 

The  term  encysted  hydrocele  is  somewhat  of  a  misnomer.  Th« 
disease  is  constituted  by  the  droitsical  dilatation  of  tubular  stntcturM 
probably  derived  from  the  vas  aberrans  of  the  epididjimis.  They 
commonest  over  the  epididymis.  The  cyst  invaginat«8  itaelf  into 
tunica  vaginalis,  but  the  cavities  do  not  communicate. 

Causes. — The  principles  upon  which  a  hydrocele  fluid  is  tbrovD 
out  are  as  yet  obscure. 

Literature  on  ffjfdrocfi'-.—Agntw:  Hydrocele,  1877.  AUacb :  Znr  Aftinlofpa  «. 
Therap.  d.  Hyd.,  1876.  B^champ  (Fluid  oO  :  Conipt  rend.  Acad.  d.  Sc,  lixxvl.  1*78, 
p.  67  :  Ibid.,  IxxxrUi.  1879,  p.  608.  Bourster :  fitude  lur  les  Hyd.,  1880.  Bricard: 
Dej  KvKte*  Spermatiqae*,  1877.  Cbollet :  Rec.  aar  rfiUologio  ds  I'Hyd.,  187».  Car> 
ling:  Tr«n».  Psth.  8oc  Lond.,  ii.  18.'>7,  p.  316  ;  aljio,  PnuitiwJ  Tpe«tl»e  mi  r)i«<>«iw«  «f 
Testis,  etc.  1878.  Deladri^re :  Essai  sur  lea  Hyd.  enkytt^i,  1879.  Hoppe  :  Pk-at. 
Kliuik.,  B«rl.,  it  1850,  p.  481.  Hue :  Do  I'Hyd.  cukysUe,  1873.  Mahmon  :  Hwk 
gur  I'Anat.  path,  des  groiaes  Hyd.,  1874.  Osborn:  Uydrocel^  1878.  Panas:  Arch. 
gtn.  d.  M^d.,  1656,  L  p.  670.  Saint-Germain:  N.  Dict.de  MM.,«t  Cliir..  Kviii.  1871. 
p.  1.  Syme:  Lancet,  1866,  L  p.  447.  Villegente:  Du  Mode  de  Fonnatioa  da 
Kystes  BpermAtiqaea,  1874. 

253.  Hydronephrosis. — A  dilatation  of  the  ureters  and  pelvis 
of  the  kidney  is  tisually  otused  by  some  impediment  to  the  outflow  of  wiau 
from  them.  Complete  obstruction  causes,  in  a  short  time,  »  total 
suppression  of  luine. 

Causes. — The  chief  are  the  impaction  of  a  caJcuUu  in  tlie  ureter, 
eonstriction  of  it  by  fibrous  adhesions,  by  a  cancer  of  the  utenta»| 
by  the  two  combined.  Tumours  of  the  pelvis  are  also  apt  to 
upon  the  exit  of  the  ureter,  or  the  obstruction  may  be  lower  down 
the  urethra  or  prostate.  The  uret4!T  becomes  distended  nnd  tortac 
a  sigmoid  bend  shortly  below  the  kidney  being  sijocially  remarli 
In  course  of  time  the  calices  and  oven  the  uriiuiry  luiMlis  may 
similarly  distended,  and  as  a  result  of  the  pressure,  more  or 
complete  atrophy  of  the  kidney  follows.  The  distending  force  is  the 
pressure  at  which  the  urine  is  excreted,  together  with  the  weight  of 
the  column  of  liquid  in  the  upright  position  of  the  body  from  tfae 
kidney  down  to  the  point  of  stricture. 

Literature  <m  Utdnmephr(mt.—Angt '.  De  I'Hydron^phroM,  1878.  Bidder  : 
klla.  Woohiucbr.,  zxiL  1686,  p.  118.  Billroth :  All«.  Wiea.  med.  Zta»,  zzix.  II 
p.  38.  Broadbent  (Congonitsl) :  Trans.  Path.  Soc.  Lond.,  zri.  1M4-&.  p.  \A 
Coats  :  GU*e.  Mr.l.  Journ.,  xlx.  188S,  p.  78.  Cotter:  Med.  Time*  and  Gul,  ISTti 
tj.  p.  184.  Dickinson:  Renal  and  Urinary  Affections,  pt.  ill  1886.  Ffaliijaea: 
Otaig.  Med.  Jonni.,  1874.  Galliard :  Prcwrvs  mcd.,  viii.  1880,  p.  8e8.  Heoaaef :  Ba 
Beltrag  x.  Kanntoiaa  d.  Hydm.,  1878.  Hortol^:  Tnv.  du  Labor.  d'Anst.  gte.  tt, 
d'BbtoL,  PfcrU,  1882,  p.  200.  James:  Rlin.  .Mod.  Journ..  niil  1877-8,  pw  "" 
Lee:  Med.  Rec.  X.  Y.,  1.  1866-7,  p.  41H.  Moreau  :  llvdronrpliroae,  ISeS.  PCM 
M«L  Bee.  N.  Y.,  xxi.  1882,  |).  477.  Roberts  :  lUynold*'  Syst.  .Med.,  t.  187».  p.  I 
ffnermitrin  :  Path,  and  Thrr.  d.  Xicrenlcnuiklielteii,  1M3-70.  SimpaoB :  liydnn^ 
phroaia,  lt!67.  Spencer-Wells  :  Med.  Timaa  and  Gax.  1868.  Virchow  (OwyaftaJ) ; 
Verfaandl.  d.  phy*.  idmL  OeadL  in  Wiirsb.,  t.  1866,  p.  447 ;  altoVit  knnkk.  OaKhwCMt^ 
1898. 


CBAT.  XXII 


DROPSIES  OF  SPECIAL  PARTS 


339 


254.  Sdema  of  the  Lung^. — When  a  lung  becomes  cedematous 
it  api>ears  to  have  much  increiwed  in  size,  in  fact  it  may  resemble  a 
pneumonic  organ  when  first  cut  into.  On  being  squeezed,  however, 
the  licjiiid  contained  within  it  is  readilj  expressed,  leaving  the  col- 
lapsed lung  tissue.  In  pneumonia  it  is  impossible  to  remove  the 
materials  producing  the  solidificution.  The  liquid  appears  to  be 
contained  Iwth  in  the  interstitial  tissue  and  in  the  air-vesicles.  There 
\a  very  frequently  much  congestion  along  with  the  cedema. 

Causes. — (Edema  of  the  lung  is  associated  with  so  many  diseases 
that  it  is  impossible  to  lay  down  any  general  law  as  to  its  cause. 
Many  cedematous  liquids  of  the  lung  are  considered  to  bo  effused  m 
the  agonij  and  hence  are  iinimporLmt.  In  the  general  anasarca  of  renal 
disease  the  lungs  usually  participate  largely,  and  in  valvular  disease 
of  the  hetirt  they  are  sometimes,  but  not  always,  cedematous.  The 
dropsy  of  the  special  cachexia  is  also  a  cause. 

Er/H-rimenUd  Evidenee. — The  experimental  facts  seem  to  be  of  a 
■omewhat  contradictory  natiu-e,  and  as  yet  have  not  cleared  up  the 
■ubject.  Cobnheim  and  Lichtheim,  in  their  previously  quotetl  research 
(No.  13,  Ixix.)  showed  that  cedoma  is  by  no  means  a  constant  accom- 
ptanimont  of  hydraeniic  plethora  in  the  dog,  brought  about  by  the 
injection  Into  the  circulation  of  large  quantities  of  salt  solution.  It 
might  be  supposed  that  an  elevation  of  the  pressure  within  the 
ptdmonary  system  of  vessels  might  have  the  effect  of  inducing  an 
increase*]  transudation  of  liquid.  Welch  (No.  13,  Ixxii.)  and  Cohn- 
heim  (No.  31,  i.  p.  419)  have,  however,  proved  that  an  elevation  of  the 
pressure  within  the  pulmonary  artery  of  very  considerable  moment  is 
insufficient  to  induce  an  cedema  of  the  organ.  It  is  only  where  the 
preesore  rises  far  above  what  could  ever  be  anticipated  in  Man  that 
any  oedema  is  perceptible. 

Even  the  retardation  of  the  venous  outflow  by  ligature  of  the 
pulmonary  veins  or  by  stenosis  of  their  orifices,  seems  to  Iw  only  very 
slightly  instrumental  in  causing  an  oedema  (Cohnheim,  he.  eit.) 

Welch  {loe.  eiL)  arrived  at  the  conclaaioii  tlut  one  of  the  most  effectual  means  of 
<xciting  pnlmonaiT  oedema  ftrtiftcially  in  au  animal  ia  by  indacing  a  left-tided 
faraltiii*  q/  the  heart.  He  brought  this  about  by  squeering  it.  He  aaaerta,  in 
explanation,  that  irhcu  the  left  ventricle  liecomcs  weakened  it  is  nnable  to  remoTS 
the  bUiod  which  is  being  pumped  into  the  Inng  by  the  right,  and  theoretically,  he 
states,  one  may  aappoge  that  the  prwaore  risoa  to  a  great  height  within  the  pul- 
monary reaaels  on  this  account.  Although  admitting,  however,  that  a  left-aided 
paralyiia  of  the  heart  may  be  the  proximate  cause  of  acute  «adtma  of  the  lung,  h« 
would  not  undervalue  the  influence  of  cardiac  ineampeteney,  hydrtemitM,  etc.,  in 
prMlisjioeing  to  OMleraa  of  the  long.  Wliat  be  would  emphasise  is  that  taken  aUmt 
these  are  insnOlcient  to  account  for  it. 

Sahli  (No.  104,  vol.  xix.  p.  433)  diCTcra  iu  his  results  from  Welch,  and  affirms 
that  aa  odema  of  the  lungs  in  accord  with  his  theory  is  never  brought  about  patho- 
lofpcally.  Most  of  ihe  oideinatoua  conditions  of  the  human  Inog  are  not  obstructive 
in  their  natore  but  aro  either  due  to  local  inflammatory  causM  or  are  of  the  nature 
«f  tJM  closely  related  nephritic  or  cachectic  a'demns. 
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General  Characters  of  Dropsical  Transudates. 

255.  As  a  rule  they  are  pale  yellow  or  greenish,  limpid  liquids 
with  a  saltish  Uisto,  alkuHnc  reaction,  and  with  a  specific  gravity 
ranging  from  1003  to  1024.  They  all  contain  albumin  and  throw 
down  a  precipitate  with  heat  and  nitric  acid. 

Coagulability. — None  of  the  purely  dropeical  liquids  in  llftn 
have  the  jwwer  of  cojigulating  spontaneously.'  The  most  of  them, 
nevertheless,  contain  tibiinogen  and  tibrinoplastic  substance  (Mram- 
globulin  or  poraglobulin).  What  is  e%idcntly  wanting  in  order  to 
induce  coagulation  is  the  fibrin  ferment.  This  was  formerly  supp 
to  be  present  for  the  moat  jmrt  in  the  colourless  cor]>uscle8.  It  i 
probable,  however,  that  the  source  of  it  is  to  be  sought  in  oonsiderkl 
part  in  the  furnuilobliuU  or  bhtod-plaUju.  These,  in  dying  and  disict 
ing,  shed  the  ferment  which  they  contain  into  the  surrounding  liquid, 
which  then  causes  the  precipitation  of  the  fibrinogen  in  the  form  of 
fibrin.  If,  as  Buchanan  (No.  178,  1845,  i.  p.  617  ;  and  Gamgrc,  Na 
179,  iL  1879-80,  p.  145)  showed,  a  small  piece  of  blood  clot  be  8<iuoo2ed 
in  a  linen  cloth,  and  if  the  expressed  liquid  be  added  to  dropaioal 
eflfiuions  of  various  serous  caWties,  a  fibrinous  coagulum  is  precipitated. 
The  addition  of  a  small  piece  of  the  squeezed  blood  clot  or  of  blood 
aorum  to  hydrocele  fluid  has  the  same  effect.  In  the  case  of  the 
squeezed  blood  clot  the  coagulum  is  thrown  down  in  its  immediat* 
vicinity.  The  explanation  of  the  phenomenon  most  prolttbly  is  tint 
the  expres3e<l  liquid  of  the  clot,  the  squeezed  dot  itself,  and  the 
blood  serum  all  contain  the  fibrin  ferment.  Into  >)Iou<l  scrum  it  it 
probably  copiously  shed  from  the  blood-plates  as  coaguUtion  is  taldag 
place. 

Composition.  —  The  proteid  constituents  are  very  much  ]ikt 
those  of  blood  senim,  although  they  never  equal  them  in  amount 
(Runeberg).  The  quantity  of  proteid  matter,  moreover,  in  a  purely 
dropsical  transudation  never  comes  up  to  that  of  an  inBuniDAtoiJ 
exudation  (Lassar).  Certain  peculiar  substances,  probably  degmmtr 
tion  products,  are  found  in  some  dropsical  liquids  which  are  not 
componenta  of  the  blood. 

B^hamp  (No.  40,  Ixixriii.  No.  xi.  1879)  formerly  dwcover^il  that  the  illi 
mlnoos  raliat«uc«s  in  hydrocele  fluid  possessed  the  [wwvr  of  rotatinf  the 
of  poUuiaalion  70*  to  the  I«ft.  He  aaurtti  that  he  hu  becm  able  to  iaolste  i 
•IbumiDoiu  bodJM  from  thi«  fluid  by  suoc«s*ir«  predpitation  with  lead  iMtatik  Ha 
«mployi  fintlj  s  neutral  tohttiun  of  acet«tc  of  lead,  snd  ^t«  a  ptecipitatn  with  thk, 
From  the  filtimte  ha  gata  a  aecond  precipitate  with  bane  acetate  of  load  ;  and  frooi 
the  filtrate  of  thii  a  tliird  precipitate  \«'ith  strong  basic  li«d  solution.  Tha  fiivt  tad 
third  precipitat«s  when  ae  para  ted  from  the  lead  with  car(>ouic  acid,  both  ahow  pcnnta 
of  rotation  ditrerrnt  from  the  original  liquid.     They  are  iin)ci[iitatcd  hy  alroho]  and 


*  Gaoi^  (No.  21,  p.  44)  ilatea  that  the  liquor  pevicaixUi  of  the  rabbit  ooafttlatia 
wtthnadiMaa. 
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rediagolve  in  water.  They  differ  from  the  albnminooa  bodies  of  the  pleuml,  peritonenJ, 
or  pericardial  eiTusioiu,  and  from  the  albumins  of  blood  ;  and  ho  supposes  they 
become  altere<I  in  their  passage  through  the  wall  of  the  sac. 

The  proteid  mattore  usually  present  iti  dropsical  liquids  are  chiefly 
aerum  albumia,  fibrinogen,  and  serum  globulin  or  piraglobulin.  The 
serum  albumin  is  itsolf  soluble  in  water,  the  fibrinogen  and  globulin 
are  held  in  solution  by  the  aid  of  sodium  chloride.  The  salts  are  of 
the  same  nature  and  in  the  same  proportion  in  all  dro]isicuI  Ii<]uids  as 
in  the  liquor  sanguinis.  The  extractive  matters  also  bear  a  like 
relationship  to  those  of  the  blood.  Ciases  such  as  carbonic  acid,  oxy- 
gen, and  nitrogen  are  moreover  present. 

Certain  special  products,  such  as  grape  sugar,  or  at  least  a 
substance  which  roducos  copper,  can  be  separated  from  dropsies  of 
particular  parts  (see  Turner,  No.  149,  vii.  1854  ;  Rosenbach,  No.  180, 
No.  5,  1852;  No.  40,  vol.  i.  p.  255,  1882;  and  Hoppo-Seylcr,  No. 
30,  p  32G).  Eichorst  (No.  91,  1881,  p.  537)  discovered  sugar  or  a 
sugar  forming  8ul>stance  in  seventeen  {>leural  elfusions.  In  one  case 
the  substance  was  glycogen.  He  states  that  of  seventeen  exudates  he 
found  ten  containing  grape  sugar,  two  freo  from  sugar  and  containing 
a  dia^tatic  ferment,  and  five  containing  sugar  but  ferment  free. 

MtUdhumin  (Scherer,  No.  20,  Ixxxii.  p,  135)  is  a  protoid  sub- 
stance found  in  ascitic  fluid,  which  gives  certain  reactions  difl'erent 
from  scrum  albumin.* 

Paralbumin  is  found  in  ovarian  cysts  and  gives  to  the  contents  the 
peculiarly  ropy  character  which  they  often  possess.* 

Casein  and  myosin  are  occasionally  met  with  in  small  quantity. 
Dropeical  liquids  of  joints  usuall)'  contain  some  mucin.  Humo- 
globin  and  other  colouring  substances  may  be  present  in  certain 
of  them.  They  often  contain  quantities  of  desijuanmted  fndo-  <rr 
epithfliurn. 

250.  Hydrops  Lacteus. — Occaeiomdly  the  ilrojjsical  liquid  of 
the  abdominal  cavity  or  that  of  the  pleura  presents  a  milky  opacity.  In 
some  instances  it  exactly  resembles  milk  of  poor  quality.  Ntunerous 
cues  of  this  disease  have  been  recorded  from  time  to  time.  The  best 
described  are  |)erhaps  those  of  Guttmanti  (No.  43,  No.  xxix.  1880), 
Stem  (No.  13,  Ixxxi.  p.  384,  1880),  and  Whitla  (No.  6,  May  30, 1885), 
the  last  with  a  chemical  analysis  by  Hay.' 

MicrosT'tpieulli/  rjitminnl  the  liquid  is  found  to  contain  numerous  oil 
globules,  lymph  cells,  and  crystals.  In  Whitla's  case  Hay  found  on 
analysis  that  tho  liquid  had  a  8|)ecitic  gra^nty  of  1014,  it  did  not 
eoagnlnte  s{K>ntAneoU8ly,  but  did  so  with  heat  and  nitric  acid.  It  had 
an  alkaline  reaction  and  contained 

'  Not  (itvcipitttcd  by  ae«tic  or  hydrochloric  iieiil  ;  od  boiling  gives  a  slight  cIoadlneM, 
but  tut  docroletit  precipitate  on  mbseqaent  addition  of  acetic  acid. 

'  8a1ubie  in  water  on  accoaut  of  its  alkali  ;  precipitated  by  alcohol ;  redisaotved  In 
vvnsi  water* 

*  Conmlt  also  Cohnhelm  (Ko.  31,  i.  p  406),  DnTfon-Brissac  (Xo.  181,  Bepteinljcr  0, 
IMS),  P«Tiia(No.  182),  and  Quincke  (No.  Un,  iri.  188&). 
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Water .  94085.  Inorganic  matter .         .  0-995. 

Solids  .  6-916.  Organic  .  4'920. 

Albumin     .  2-878, 

Fat     .  .  1-030. 

Sugar  .  0-210. 

Other  organic  materiaU  0*802. 

The  liquid  appeared  to  be  formed  of  almost  pure  chyle. 

The  usual  pathologfy  of  these  cases  consists  in  a  lytnph  fistula 
having  been  established  through  niptiire  of  some  jMirt  of  the  thoracic 
duct  or  receptaeiiliun  chyli.  In  tho  above  cjise  an  opening  ttm  found 
in  the  reccptaculum  C4»i)able  of  admitting  a  No.  2  catheter.  The  caon 
of  the  rupture  is  usually  the  obstniction  cau.sed  by  pressure  of  a  tumour 
upon  some  [larb  of  the  duct.  Ludwig  and  Cohnheim  have  shown  tbat 
ligature  of  the  thoracic  duct  causes  the  ^leripheral  port  to  become 
varicosely  dilated,  a  condition  which  is  followed  in  course  of  time  by 
rupture  of  the  reccptaculum.  A  jwrmanent  lymph  fistula  is  stib- 
sequently  established. 

ZMeratun  on  H^ilntpt  Lacteut.  —  Ballnisnn :  Ccotralbl.  f.  d.  mc<L  WiMesacL,  x)t. 
1876,  p.  27S.  Bergreret:  Journ.  Ae  I'Annt.  et.  J.  1.  Phj-siioL.  ix.  1873,  p.  5W.  vU 
Camp:  Ana  Soc.  de  M0<1.  d'Anreri,  lit  1842.  p.  86.  Duffey:  Brit.  McO.  Jonnk, 
i.  1886,  p.  71.  Hughes  and  Rees:  Guy's  Hoip.  Rep.,  W.  1841.  p.  297.  t.«CaIlt: 
Rev.  da  H^d.,  v.  1885,  p.  960.  Lorain:  Coiupt.  nmd.  Soc  de  Biol.,  r.  1.S59.  p.  169. 
Martin':  Joarn.  de  Hrd.  Chir.  PhAr.,  etc.,  xxxir.  1770,  p.  15^.  Milleret:  JonnL  d* 
M*<i  Chir.  Ph»r.,etc.,  iliii.  1774,  p.  231.  Popham :  Dnh.  Qii»rt.  Journ.  Mic  9e^ 
ivii.  IS.^4,  p.  467.  Quincke:  Deut.  Arehiv.  f.  klin.  M«l.,  jcvi.  187B,  p.  Ifl. 
Stevenson:  Ouj-'s  Hosp.  Rep.,  xviL  1872,  p.  231.  Straus:  Arch,  de  PlijrMol.  norm, 
et  path.,  vii.  1886,  p.  367.  Veil:  fitude  iur  la  rathogcuie  Av»  Ai«-ite3  rlyli/nrnMi*, 
1882.  Weaver:  Load.  Med.  Rc-i)08itor,  ii.  1814,  p.  S77.  Wilks  and  Onserod; 
Tniu.  Path.  Soc.  Loud.,  xix.  1868,  p.  199.  Winckel :  Dent.  Arch.  1  klia.  M«d., 
XTil.  1876,  p.  303. 

Products  of  Decomposition  of  Dropsical  Liquids — Droi»ic«l 
liquids,  especially  if  ut  any  time  they  should  Ijccome  purulent,  occaatOR- 
ally  contain  certain  products  of  decom[X)8ition.  Lcucin,  lectin,  xatUkiu, 
and  chdntervM  are  among  the  commonest. 

LiUroturr  on  OmfrtU  CkaracUrt  qfDmptital  TraiuudtU't.—Btcqutnl  and  Rodiv: 
Cbimto  Pat)).,  IS.***.  Bock  (Sugar  is) :  Ai^h.  f.  Anat  Pti]*.,  uic.  1873,  p.  CMl 
Chcyron:  De»  Liquidt*  Aacitiqucs,  1879.  Garr< :  Cor.-BI.  i.  ncbwYli.  A«Rt«.  ni 
1886,  p.  473.  Haounanten  (Metallximiu  and  ParalbiiiTiin) :  Z<itJ>  hr.  t  |Jiyilii 
Cbem..  ri.  1883,  p.  194.  Hoppe:  Ovut.  Kliiiik,  1853.  Klemensiewics :  iatlh.4. 
Vsr.  d.  Aerrte  iu  Stciennark,  ixL  1886,  p.  114.  Lehmann :  Lphrbudi  d.  littjiL 
Cbemle,  ia&3.  Schmidt:  Arch.  f.  AnaL  P1iy«ol.,  etc  1861,  pp.  H&.  075  :  1892,  |iib 
428,  538.    Tidy  (Ui  Uydrocepbalui) :  Lutett,  1869,  L  p.  166. 


Amount  of  Protbids  in  various  Drofsbb. 

267.  The  amount  of  albumin  found  indro{>sical  liquids  T>riM  !■ 
different  cases,  M-hen  taken  from  the  same  cavity,  or  in  any  one  hi* 
stance  of  general  drojwy,  when  taken  from  different  cavitiea.  The 
rdatke  quantity  found  in  the  cavities  of  the  body,  however,  unleai 
under  very  exceptional  ciixumataaces,  remains  pretty  constant.     Thai, 
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it  is  generally  greatest  in  the  pleural  cavity,  next  in  the  abdomen, 
next  in  the  cerebral  ventricles,  und  least  in  the  subcutaneous 
areolar  tissue. 

Schmidt  (No.  183,  p.  146)  found  that  in  1000  gi-ummc^  transuda- 
tion the  albiunin  contained  in  the  various  cavitiea  stood  in  the  follow- 
ing quantitative  relationship : — 

Pleura       Peritoneum       Cerebral  ventricles      Subcutaneous 
285  11-3  8-0  3(5 

Hoppe-Seyler  (No.  1 3,  ix. ),  in  an  instance  of  general  anasarca  from 
Brigbt's  Disease  complicated  by  catarrh  of  the  bladder,  gives  the  total 
solids  in  1000  parts  transudation  as  : — 

Pleura  Peritoneum  Subcutaneous 

42-41  32-32  17-83 

the  quantity  of  salts  remaining  constant. 

Lehmann  (No.  184,  ii.  p.  316)  made  out  the  proportion  of  albumin 
in  a  drunkard  with  cirrhosed  liver  to  be 


Pleura 
18-52 


Peritoneum 
10-44 


Cerebral  ventricles 
5-64 


The  only  feasible  explanation  of  this  fact  has  been  given  by  James, 
from  whose  paper  on  "Transudations  and  Exudations"  (No,  185, 
1880)  the  above  figures  have  been  quoted.  He  asserts,  with  very  good 
show  of  reason,  that  the  negative  pressure  of  the  pleural  cavity  will, 
cderis  paribus,  tend  to  agpirale  a  liquid  richer  in  allnimin  than  would 
be  effused  into  a  part  where  such  does  not  exist.  Tlie  movementB  of 
respiration  will  have  a  like  effect  in  the  alidomen  but  to  a  le&s  degree. 
The  efTusion  into  the  pericardium  is  sometimes  highly  loaded  with 
protcids,  probably  from  the  aspiration  caused  by  the  movements  of  the 
heart  (consult  Brunton,  No.  173,  p.  336). 

The  effused  liquids,  however,  also  tend  to  become  conamJrattd 
MB  the  effusion  acciunulates  from  abBor{>tion  of  the  water.  Wlien 
this  occurs  the  pressure  will  Iw  found  to  Ije  positive  (Hojijie-Seyler, 
No.  13,  ix.  p.  245,  1856).  Thus  Quincke  (No.  140,  x.xi.  j).  453, 
1878)  found  that  the  pressure  of  ascitic  liquids  measured  tlirough  a 
puncture  of  the  abdomen  immediately  above  the  symphysis  pubis  in  the 
upright  jiosition  of  the  body  fluctuated  between  +  26  to  +58  cm.  of  the 
transuded  liquid,  and  that  the  respiratory  movements  made  a  difference 
of  about  2  to  3  cm.  In  the  pleura  distended  with  liquid  he  foimd  on 
an  ftverage  that  it  was  equivalent  to  +10  mm.  Hg.  This  jiositivo 
roaolt  would  naturally  ensue  when  the  accumulation  of  the  liquid  had 
taken  pUce  to  such  an  extent  as  to  compress  the  lung  and  destroy 
its  tUstic  pull  upon  the  pleural  cavity.  When  the  liquid  is  withdrawn, 
Um  intra-pleural  pressure  again  becomes  negative, 

Leyden  (No,  22,  iii.  p.  264,  1878)  says  that  in  a  numlKjr  of 
caact  of  pleurisy  and  empyema  the  pressure  of  the  exudate  at  the  Unte 
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of  puncture  read  0,  +  1,  to  +  28  mm.  Hg ;  while,  after  the  remov»l 
of  the  effusion,  the  pressure  in  the  pleiinil  cavity  sunk  to  -  2,  -  28, 
to  -  42  mm.  Hg.  In  only  one  case  was  the  pressure  ultimotoly  +  4. 
The  movements  of  respiration  made  a  difference  of  1  to  20  mm. 

Forcetl  expiratvri/  ffforts  as  in  coughing  will  probably  tend  to 
centrate  such  liquids. 

Bochefontnine  (No.  40,  Ixxxvi.  No.  25,  1878)  found,  on  th« 
contrary,  that  the  pressiire  in  health  of  the  cerebro-spinal  liquid 
in  ehloralisetl  animals,  when  they  are  lying  miietly  and  bn-jithin;; 
MBily,  was  just  equivalent  to  that  of  the  atmosphere,  and  that  each 
systole  of  the  heart  made  a  difference  of  +  0*5  mm.  Hg.  Under  the 
influence  of  forced  expiratory  movements  it  may  rise  to  +  5"5  mm. 

258.  Quantity  of  Proteids  and  Diagfnosis. — The  quantity 
proteids  in  ascitic  liqiiid  forms  an  im]K)rtAnt  aid  to  diagnosis.  Rn 
berg  (No.  140,  xxxiv.  p.  1,  1883),  from  the  examination  of  a  la 
number  of  |iathological  transudates,  has  arrived  at  the  following  definil 
conclusions  : — (1)  03  per  cent  albumin  and  below  this  always 
a  hydremic  sucites.  (2)  0-3  to  05  j>er  cent,  also  a  hydnemic  lutaMi^ 
but  where  the  hydriptnia  is  less  pronounced ;  or  a  transtidstd  with 
commencing  absorption  ;  or  portal  stasis  with  great  hydnomia ; 
ordinary  stasis  with  very  groat  hydrremia.  (3)  IS  \>er  cent  ind 
jmrtal  stasis,  or  ordinary  venous  stasis  \vith  great  hydremia.  (4)  1'9 
to  2  per  cent  is  genenUly  due  to  ordinary  venous  stasis,  portal  stwiis 
where  the  body  is  well  nourished,  an  old  transudate,  or  a  trauaudaK 
with  commencing  absor])tion.  (5)  2  to  2*5  per  cont  means  ordit 
venous  stasis  in  a  well  nourished  subject ;  portal  stasis  cxoo(itionaDj 
in  old  {>cople ;  a  tnvn8udat«  under  high  tension  ;  or  a  transudate 
process  of  al)80rption.  (6)  2 '5  to  3  jier  cent  indicates  a 
due  to  carcinoma  or  inflammation  where  there  is  a  very  great  amwi: 
of  cachexia.  (7)  3  to  4  5  per  cent,  a  carcinomatoas  or  inllammator 
transudate  with  ordinary  cachexia.  (8)  4*5  to  6  per  cent,  a  peritunit 
in  a  well-nourished  indi^ndual ;  in  exc«ptional  coses  an  old  trausv 
from  n  carcinomatous  peritonitis  ;  and  where  there  is  much  compr 
fn>ra  stretching  of  the  abdominal  wall 

Iloftiunii  (Na  49,  p.  230,  1881)  diride*  Mdtjc  liquiJj  into  tliroe  ( 
ing  to  the  quantity  of  albumiu  they  contun  : — (1)  Cachectic  lUH-itm,  »|>«M.-lan)r  wlic 
due  to  chronic  rviml  diMww,  sikI  ubtre  the  albumin  is  below  1  per  cent  «nd  tli 
spscUlc  gnvi^  under  1010.     (2)  luflammatory,  where  the  albntnin  if  orcr  2'&  { 
Otat  and  tL«  ipecific  gnrity  cvrr  lOH.     (3)  Cong'tstive,  lying  Wtinwn  theac 

259.  Quantitative  Analysis  of  Proteids. — A  very  closw-  :>i..>.v.vt 
mtkVc,  quito  sufficiently  accurate  for  most  piuixwes,  of  the  p  >n 
amount  of  albumin  in  dropsical  liijuids  nuty   l>e  obtained  by  iCcusaj 
fonnula    (No.    110,   xxviiL   p.   317,    1881).      Lot   A   bo   percent 
amount  of  albumin  and  S  the  spcciRc  gravity  of  the  liqtiid.     Then 

A  =  2  (S-  1000)  -2-8. 
Thoro  are  variatious  ^  ^  per  cent  which  are  unavoidable. 
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Runebcrg  (No.  140,  xxxv.  p.  266,  1884)  on  the  same  calculation 
as  that  of  Kouss  recommends  the  formula 

A  =  |  (S-1000)  -2-73 
for  drojMical  effusions,  and 

A  =  f  (S-1000)  -2-88. 

for  those  which  are  of  inflammatory  origin.  The  solids  are  always 
[>me\rhat  greater  in  transudates  when  removed  from  the  dead  body 
than  from  the  li^nng. 

Esftdch's  Tubes} — Another  means  of  estimating  the  quantity  of  albumin 
in  a  liquid  is  by  means  of  what  are  known  by  the  alx)ve  title  (see  de- 
scription by  Veule,  No.  G,  i.  p.  898,  1884).  They  are  generally  em- 
ployed for  alhuminous  urine,  and  give  very  accurate  results. 

The  method  consists  in  observing,  in  a  graduated  tube,  the  height 
of  the  deposit  given  by  a  measured  quantity  of  albuminous  liquid,  when 
treated  with  picric  and  citric  acids  in  solution  in  the  proportion 
firespectively  of  1  and  2  per  cent.  The  tube  is  graduated  in  such  a 
manner  that  each  degree  of  the  deposit  corresponds  to  x\  gramme  of 
dry  albumin  per  thousand  of  liquid. 


Fever. 

(See  Vol.  ii.,  "  Vegetable  Parasites.") 
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CHAPTER    XXni 

THE  STRUCTURE  OF  CELLS  AND  THEIR  REPRODUCTION 

260.  Definition  of  term  "Cell."  —  The  original  definition  of  a 
cell,  according  to  the  Schleiden  and  Schwann  idea,  was  a  body  made 
up  of  a  coll  membrane,  cell  contents,  nucleus,  and  usually,  a  nucleolus. 
In  Buch  a  sense,  the  term  was  apposite ;  that  is  to  say,  it  signified  a 
hollow  body  with  a  distinct  wall  and  certain  cnntcjits. 

It  has  been  sho\vn,  however,  that  many  animal  cells  are  not  pos- 
sessed of  all  these  constituents.  A  limiting  momljraiic  is  just  as  often 
absent  aa  present,  and  it  is  doubtful  whether  a  nucleolus  can  be  looked 
upon  as  of  constant  occurrence.  All  that  the  term  cell  in  ita  general 
acceptation  means  at  the  pre.sent  day  is  «  nudeated  mass  of  pviopUum. 

Flemming  (Xo.  86,  p.  72)  defines  a  cell  thus  : — 

(1)  j4  f?MJ«  of  eircumjscribed  living  substance  tdth  or  without  a  tpeaai 
formed  membrane 

(2)  In  iU  interior  a  cell  nudeus,  i.e.,  a  circumscribtd  body  having  a 
gpedal  ehetnical  constitution.^ 

(3)  IFilh  pTffperty  of  forming  new  compounds  out  of  those  substanc^n 
taken  itUo  it. 

(4)  Capable  of  increasittg  by  ditiwn. 

(5)  imh  a  peailiar  arwilruction  of  its  suhsUmce  and  nf  that  of  thf  nucleus 
whfrfhy  both  eitscntially  consist  of  thmuis  and  inli^riJieduite  su^tsUinte. 

It  is  extremely  questionable  whether  any  cell  can  exist  in  a  living 
condition  without  a  nucleus.  Some  yeai's  since  there  was  an  inclina- 
tion among  histologists  to  disparage  the  importance  of  the  nucleus. 
The  discoveries  of  later  times,  however,  have  shown  it  to  be  the  most 
important  part  of  the  cell  so  far  as  the  vitality  and  regeneration  of 
the  Utter  are  concerned. 


STRUCTURE  OF  CELLS. 

261.  The  structure  of  the  various  parts  of  the  animal  c«ll  according 
to  Blcmming  (loc  cit.)  is  the  following : — 

'  Contains  nuclein. 
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The  cell  body  is  made  up  of  two  substances,  of  which  the  one  is 
disposed  in  threads,  and  the  other  is  homogeneous. 

To  the  former  he  gives  the  name  miioma  or  et/UMnUouM  (jurot,  thread), 
and  to  the  other  paramUonui,  or  the  JiJar  and  interJUar  substancos. 

Knpffflr  (No.  87,  L  1875)  D&med  theM  two  substances  respectirely  jw  vtt  gtmtmm 
and  paraplanna.  Tlie  word  protoplarm,  has,  bowerer,  tncb  an  ambiguotu  ***— "'^ 
at  the  prosent  day  tliat  Flemming  proposes  to  do  away  with  it  altogether,  mbttitBt- 
ing  that  of  all  »ub$lanee  or  etU  body  for  what  in  times  gone  by  has  nsnally  b—a 
designated  by  this  term. 

The  eyto-miUma,  or  thread-like  basis  of  the  cell  body,  Flemming 
asserts,  is  seldom  distributed  in  the  form  of  a  network.  Klein  and 
Heitzmann  have  represented  it  as  such ;  but  a  complete  equal-meshed 
network,  as  that^  for  instance,  which  the  former  has  figured  in  liver 
cells  (No.  88),  Flemming  believes  can  only  have  been  artificially  produced 
by  the  action  of  reagents.  Spirit  sometimes  causes  a  vacuolar  appMr- 
ance,  which  might  be  mistaken  for  such  a  network.  The  occutranee 
of  particles  of  secretion  within  the  cell  body  in  those  cells  engaged  in 
performing  some  secretory  function,  such  as  chalice  cells  or  the  epi- 
thelium of  mucous  glands,  can  also  break  up  the  continuity  of  the  cell 
body  in  such  a  manner  as  to  simulate  a  network.  Even  in  cartilage 
cells,  where  it  is  very  well  deveIo{)ed,  it  seldom  forms  more  than  a 
saitt  of  irrfyularly  twisUd  threads. 

The  nucleus  is  composed — (1)  Of  a  nuclear  network  or  karyo- 
mitoinii  I^Kapmv,  nucleus),  consisting  of  threads,  whose  arimngement  ia 
such  that  they  form  a  much  more  regular  net-like  figure  than  thoa*  in 
the  cell  body.  It  stains  with  logwood,  safranin,  eta,  and  hence  ia 
sometimes  culled  the  chromatin.  (2)  Nuclear  sap,  ur  the  substoocc 
contained  in  the  meshes  of  the  former.  It  does  not  stain  with  ths 
foregoing  reagents,  and  hence  is  named  the  achromalin  (FlemmtngX 
(3)  A  nuclear  membrane  made  up  of  two  layers ;  an  outer  which 
does  not  stain  (acliromatic),  and  an  inner,  which  does  (chromatic). 

The  nucleoli  are  constructed  of  a  substance  more  refractile  than 
either  the  network  or  nuclear  sap.  They  have  a  smooth  rounded 
surface,  are  mostly  suspended  in  the  network,  but  are  sometimes  inter- 
cabited  between  its  fibres.  A  great  many  nucleoli,  or  bodies  described 
as  soch,  are  simply  coils  of  the  network  seen  on  optical  section.  Th« 
tnie  nucleoli  are  usually  multiple. 


REPRODUCTION  OF  CELLS. 

362.  It  is  generally  admitted  that  cells,  in  the  act  of  reprodoction, 
divide  in  two  ways,  either  ituliredly  or  direeUy.  liy  the  former  ia  meant  • 
process  by  which  the  network  within  the  nucleus  undergoes  great  develop- 
ment, and  is  subject  to  certain  transformations  of  form,  which,  it  ia  aup- 
posed  by  most  histologists,  are  instrumental  in  bringing  abont  ita  diviaioa 
and  that  of  the  cell  body.     This  prooew  ia  tisuallj  termed  Jtaryalwaiu 
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K^«ctV>)o-tf  movoment),  or  karyomiiosis  (Flemming),    By  the  latter  is  under- 

rvtood  a  means  of  cell  proliferation,  whereby  the  nucleus  and  cell  divide 

without  this  growth  of  the  intranuclear  network  taking  place.    Many 

cella,  which  were  said  to  divide  by  this  latter  method,  liave,  however,  of 

^]ate  been  proved  in  reality  to  reproduce  themselves  by  karyomUosis. 


Fio.  no.  —  BEaniio  Ncolstb:  En- 
THCiuL  Cell  or  SALAMiUiDm  Drmuaa 
upoD  THE  "  OLoMnrLAn  "  PHiuu  (Fleni' 
ming). 

(a)  Poorly  (l«T«lo{>«<l  eoU*  of  Duel«4r 
network  ;  (h)  oncleu'  tnembnii* ;  (o> 
cell  body. 


A,  Indibect  Method. 

263.  The  following,  according  to  Flemming  {loc,  dL),  are  the  phases 
passed  through  in  the  indirect  division 
of  tlie  nuclei  of  animal  cells,  and  Stras- 
burger  (No.  89)  has  shown  that,  with 
slight  modifications,  the  same  cycle  of 
transformations  is  followed  in  those  of 
plants. 

Resting  Nucleus.  —  During  the 
time  that  the  cell  is  not  actively  en- 
gaged in  division,  the  thread  network 
the  nucleus  (rasling  ntielevji)  is 
^meagrely  developed.  A  few  coils  of 
thread  here  and  there  are  usually 
all  that  is  to  be  seen. 

Phase  I. — Cowmencemeni  of  division  j 
\Formatiun  of  the  poles, ■  Nuclear  ghmier- 
vlug  figure. 

The  first  sign  of  division  being  about 
to  take  place,  according  to  Flemming 
(locciL  p.  199),  is  the  formation  within   the  cell-body  of  two  poles 
opposite  each  other  and   close   to  the  circumference  of  the  nucleus. 
These  poles  can  be  recognised  in  the 
living    cell  by    the    accidental    pre- 
sence  of    granules   or    of    pigment 
particles,     which     become     radially 
aggregated  into  two  groups,  with  a 
clear  space  (Arnold)  or  pole  in  the 
centre  of  each. 

The  next  thing  noticed  is  that 
the  few  coils  seen  in  the  thread- 
work  of  the  resting  nucleus  become 
much  more  evident.  The  threads 
become  thicker  and  more  numerous 
and  tortuousu  This  increase  in  the 
network  is  brought  about  evidently 
by  a  longitudinal  segmentation  or 
splitting   of   its   threads,  and  when 

^complete,  the  stage  is  called  by  Flemming  the  tokU  or  eompldt  form  of 
lie  resting  nucleus. 


■s^ 


4m 
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Flu.   III.  —  PnAaB  1.     LiTnra  Oku.   oy 
Sa.L4Ma3R>m  (Plcmmipg). 

(a)  aimnulM  longaUd  runnd  a  pole  of  the 
cell ;  (b)«aUa  of  "glonieruUr"  network  ; 
(<:)e«U  body. 
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The  outer  or  achromatic  layer  of  the  nuclear  membrane,  now  that 
the  process  of  nuclear  division  has  commenced,  becomes  more  evideat 
than  it  was  round  the  resting  nucleus ;  it  appean  to  have  increased  ia 
thickness. 

Phase  II. — SiaT  form  (aster)  of  llie  nurJear  neticork  U>geOuT  leith  tht 
transformation  of  tht.  glomerulus  into  thf  mime. 

Two  sets  of  phenomena  are  seen  in  this,  namely  (1)  those  of  the 
chromatic  nuclear  network,  and  (2)  those  of  tlie  achromatic  part  of  the 
nucleus. 

(1)  The  Chromatic  Fig^ure. — In  most  colU  (epithelium,  connective 
tissue,  muscle,  nerve,  and  different  glands)  the  nuclear  membrane  now 

A.  B. 


yia.  lU. — Pkui  n.    BroomcLUL  Cclu,  Aumitta  or  BALAHAiircit  (Floimiac). 

X  Baiflwa  rlew  of  nudaar  netwcirk  :  (a)  cell  hoiiy  ;  (b)  Uinwta  nf  nrtimrfc  ;  {e)  mt  at  Um  poUa 
Wllh  Um  ***'— *""••  tbnmja  nUUtioR  ttnta  IL  R,  l!t|u«tori»l  rlew  at  a  tximapaaillng  »U  :  <«) 
OMOfthapoUa;  (t)  Uw  uoelcw  network  mm  oa  adf* ;  (;)  Um  aehraautle  Uuikda  romtii(  •  aitedl* 
totWMD  Um  two  pcdaa. 


beeomes  indistinct,  and  contemporaneously  with,  or  shortly  after  thiaii 
the  segments  of  nuclear  threads  which,  up  till  now,  have  preserved  an 
irregular  arrangement,  become  drawn  out  into  loops  with  particularly 
long  limbe.  These  are  placed  radially  with  the  loop  towards  the 
centre  of  the  nuclotis,  and  thus  a  somewhat  star-shaped  figure  resolts. 
In  Uie  epidermis  of  the  Mlaynunder,  Flemming  has  counted  as  numy  m 
twenty-four  of  these  loops. 

It  sometimes  hap|iena  that  the  conversion  of  the  network  into  the 
ra<lially  arranged  louiw  of  the  ast^r  does  not  happen  simultaneoaaljr. 
The  peripheral  as  well  as  the  central  bends  of  the  pieces  of  nQclew 
thread  may  consequently  be  seen  ;  and  in  such  a  case  a  figure  which  h# 
formerly  called  Uie  vrfoih  resulta. 

In  the  middle  of  the  asler  is  seen  a  dear  space  (Fig.  US  A).     Thk^ 
always  corresponds  to  the  polar  or  diagonal  view  of  the  aduvmaHa  i 
$puuU«,  that  is  to  say,  to  the  part  of  the  nucleus  which  do«s  not 
stain. 
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If  one  does  not  find  the  clear  centre,  then  the  star  is  being  looked  at 
on  edge,  and  the  achromatic  pi>lt>s  will  })e  seen  on  either  side  (Fig.  1 1 2  R). 

(2)  The  Achromatic  Figure  (Nuclear  Spindle). — In  animal 
cells,  the  chromatic  figure  always  predominates  over  the  achromatic, 
and  hence  is  apt  to  cot>ceal  it.  In  plants  (Strasburger)  the  reverse 
holds  good,  and  consequently,  the  nuclear  spiiidle  is  more  evident  in 
the  latter.  There  is  no  doubt,  however  (Flemming),  that  it  forms  a 
regular  part  of  the  process  of  nuclear  division  in  animal  cells.  It  is 
occasionally  well  brought  into  view  by  the  use  of  Flemming's  osmic  acid 
mixture  (see  Sect.  268).  The  achromatic  or  nudmr  spindle  figure  as 
Biitsdili  and  Strasburger  have  made  known,  consists  of  a  bundle  of 
fine  colourless  fibres  which  are  not,  or  are  only  slightly,  ca])able  of 
being  stained  with  certain  special  nucleus-staining  reagents;  which  are, 
on  the  other  hand,  more  or  less  coloured  V)y  hsematoxylene  and  various 
preparations  of  carmine;  which  disappear  in  pepsin  solution;  and  whose 
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Fio.  IIS.— Phase  111.     EprrBKUAL  Cell  or  8ai.auande>  (Flemming). 
(a)  Pole  «D(1  MhronikUc  tUnswli;  (t>)  oeU  txxly;  (c)  dlw-like  arnuigemant  of  cbionutio  UumhIi 

■t  equator  of  uncleos. 


outlines  are  rendered  sharj>cr  by  hydrochloric  and  other  acids.  The 
chromatic  figures  are  uninfluenced  by  the  last  reagents.  It  is,  there- 
fore, to  be  presumed  that  the  achromatic  thn?ads  do  not  contain  nuclein, 
while  this  substance  is  a  main  constituent  of  the  chromatic. 

Iti  Orifjln. — During  the  time  that  the  fshmendus  is  forming  fibres 
are  found  between  its  deeply-stained  coils  which  are  very  much  |ialer 
and  much  less  distinct,  and  one  view  in  regai-d  to  the  origin  of  the 
achromatic  spindle  is  that  it  is  constructed  out  of  these.  Another  view 
is  that  they  are  first  located  in  and  evolved  out  of  the  cell  substance, 
and  afterwards  grow  from  this  into  the  nucleus.  The  latter  view  is 
probably  the  more  likely  of  the  two,  although  there  are  certain  facte 
which  are  opposed  to  it. 

Phase  III. — Equatorial  disc;  concentric  arrangement  of  the  chromaUe 
figure^ 

The  loops  having  forrae^i  the  iister,  divide  into  two  groups  with 
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(«,  d)  ChfoowUc  thrauU  of  daochiw  (a- 
Un ;  (h)  MbromaUo  thraad*  ■nd  pole. 


their  angles  to  the  poles  and  their  linjbs  arrRnge<i  pnrtly  oblifjticlj 
partly  perpendicularly  to  the  nuclear  equator.  A  disc-like  cibjpct 
thus  constructed,  sometimes  more  or  less  barrel  shiprd,  at  olbtsr  tituen 
fiat  towards  the  centre  of  the  transfumied  nucleus,  kiiown  an  tba 

equatorial  disc.      The    namber  of    die 
threads  seems  to  increase  ia  this 
hut  they  become  thinner  than  in  tlu 
of  the  luifer. 

Phase     IV.  —  SUir  form    ef 

(laufihlfr  nuclei  (Dyaster). 

This  sUge  comprises  tliat  stMe 
the  chromatic  network  iu  which  a 
ration  has  taken  place  at  the  eqt 
and  in  which  the  divisions  of  the  ; 
work    become    retracted    and 
trated    round    aliout    the    poles, 
number  of  the  loops  is  as  great  u 
c^Vi^/j^^l^ST"^  the  mothernacleus  in  which  the  thr 

have  not  as  yet  undergone  longitudinal 
splitting.  It  may  therefore  be  con- 
jectured that  the  halves  of  each  thread 
separate  into  the  two  daughter  stars.  The  threads  evidently  contract 
in  the  daughter  network,  as  their  entire  volume  decreases.  Then'  is 
always  a  clear  point  (pole)  in  the  centre  of  each. 
Phase  V. — Glomfmlar /onn  vf  datujhter  nueleui. 
Towards  the  end  of  the  dyaster  phase  the  threads  become  more  con- 
voluted. At  first  the  general  direction  of  these  is  radial,  but  soon  the 
tyj>e  becomes  more  wreath  like^  and  Flemming  formerly  called  this  stage 
the  icreath  form  of  the  dauijhtrr  nurlevjt.  The  network  contracta  mors 
and  more,  however,  and  in  time  assumes  so  dense  an  appearaooe  that 
the  individual  convolutions  can  hardly  be  recognised.  A  nudear 
membrane  also  again  shows  itself.  Subsequently  to  this  the  network 
returns  to  its  resting  state. 

Division  of  the  Cell  Body  and  Termination  of  the  Achro- 
matic Thread  Figures. — The  division  of  the  cell  Ik.xIv,  Flemming 
aays,  coumeooea  with  the  np]H?aranco  of  the  tLuttjIUrr  filnmfruli  or 
towards  the  end  of  the  dauyliier  utar  phiise.  The  Bcparatton  of  the 
nucleus  thus  precedes  that  of  the  cell  body.  Tlie  Brat  evidence  of  it  is 
a  constriction  of  the  coll  substance  at  the  equator.  Sonielimm  the 
division  is  not  eqailatoral,  and  sometimes  the  constriction  is  deeper  at 
one  side  than  at  another.  A  clear  rofractilo  girdle  forms  at  the  poiol 
of  constriction.  The  achromatic  threads  behave  differently  in  vegetalik 
an<i  in  unim-nl  coIIh  during  the  Inter  stages  of  karyomitoeia.  In  vegetable 
cells  the  middle  part  of  the  achromatic  figure  is  very  evident,  and  a 
distinct  equatoriat-eetl-lamimi  in  the  daughlrr  ttar  phase  is  noticed.  This, 
however,  appears  to  be  much  less  evident,  if  it  ia  present  at  all,  ia 
animal  cella     In  the  next  or  daughter  f^omerulus  stage,  however,  tho 
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achromatic  threads  become  very  distinct,  running  between  and  joining 
the  two  new  glomendi,  and  constricted  opposite  the  indentation  in  the 
dividing  cell  body  (Fig.  1 15),  Finally  a  complete  separation  follows  in 
the  cell  t)ody,  and  consequently  in  the  achromatic  threads,  and  the 
division  of  the  entire  cell  is  thus  completed. 

Function  of  the  Karyomitoma — Although  the  idea  prevalent 
at  the  present  day  is  that  karj'omitosia  is  tlie  means  by  which  the 
nucleus  is  drawn  asunder  and  divided,  it  should  be  mentioned  that  this 
has  been  called  in  question  by  some  liistoIogisU.     Thus  Brass  (No.  99, 
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Pio.  llf. — FiuiB  T.    Epitbcual  Oiul  or  8&i.iMA]ci>n  (Flemmiog). 
(a,  Bi)  Duightar  glomemll ;  (I)  Bctirommtlc  threads  (till  uniting  the  two  dkugfatcr  cell*. 


vl  Jahrg.,  No.  clvi.  1883,  p.  G81)  makes  out  from  the  study  of 
infusoria  that  the  chronuitin  is  merely  a  result  of  over-nutrition — a 
reserve  store  of  nutritive  pabulum.  It  is  gradually  absorbed  during 
long-continued  starv.ation. 

264.  The  Indirect  Method  in  Pathological  Cells.— The 
earlier  observations  on  indirect  division  were  almost  all  conducted  on 
cells  of  normal  tissues.  It  has  lately  been  found  that  pathological  cells 
frequently  divide  in  the  same  way.  The  best  objects  to  see  it  in 
are  perhaps  flat-celled  epitheliomata.  Thus  Arnold  (No.  1 3,  xli.  p. 
178)  and  Martin  (No.  13,  IxxxvL  p.  56)  found  it  in  an  actively  grow- 
ing cancer  of  the  mamma  and  in  sarcomata,  while  P/itzner  (No.   1 3, 
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ciiL  p.  275)  haia  observed  it  abundantly  in  the  epitheliam  a 
riistance  from  the  edge  of  healing  wounds.  Martin's  ol 
have  also  been  confirmed  in  carcinomata  and  sarcomata  by  Aojra 
(No.  13,  cvL  p.  568).  From  j)er8onal  experience,  the  author  can 
specially  recommotid  flat-cu'tlcd  epitheliomata  and  tlie  epithelial  c«ll«  of 
venereal  warte  and  condylomata,  as  well  as  large  spindle-cell  sarcomata 
as  objects  of  study.  It  is  a  curious  fact  referred  to  by  Flemming  that 
the  karyomitotic  figures  seem  to  prevail  in  certain  areas  of 
tumours.  It  will  often  bo  found  that  a  whole  series  of  sections 
be  examined  without  alighting  upon  any,  and  suddenly  in  one  or  two 
adjacent  sections  they  may  he  abundant. 

265.  Pluripolar  Divisioa — In  pathological  cells,  Arnold  {loe.  dl) 
and  Martin  {loc.  cil.)  have  noticed  that  the  nucleus  and  cell  body  QvUi 
divide  into  throe  or  more  segments  evidently  corresponding  with 
many  poles  in  the  cell    Such  forms  are  seldom  foand  in  normal 

Comil  (No.  40,  ciii.,  1886,  pp.  78-80)  has  obsened  tripokr 
sion  in  cells  of  epithelioniatiL 

B.  The  Direct  Method. 

266.  It  was  formerly  supposed  that  this  was  one  of  the  commooe 
methods  of  cell  division.     As  Remak  described  it,  the  division 
menced  in  the  nucleolus,  spread  to  the  nucleus,  and  ultimately  aflW 
the  cell  body ;  but,  as  before  remarkwl,  this  direct  method  is  e\ 
comparatively  rare  occurrence.     Pfitzner  (No,   13,  ciii.  p.  l       , 
down  the  rule  that  the  younger  the  animal,  and  the  more  actively  tht 
division  of  cells  is  going  on,  the  greater  is  the  frequency  of  this 
method  of  divisioa     The  nucleus  in  such  cases  is  poor  in  chroi 
Thus  karj'omitotic  figures  are  less  abundant  in  the  tissues  of  the 
young  embryo  than  later  on  ;  and  they  are  less  abundant  in  the  ejntbt 
Mum  at  the  immc<liato  edjje  of  a  wound  than  at  a  little  distance  from  it. 

Division  of  Nucleus  without  the  CelL — Arnold  (No.  \3, 
xciii.)  has  descrilied  in  giant  and  other  cells  a  direct  fra^mUiry  diviaian 
of  the  nucleus  by  which  it  may  spUt  into  many  parts  without  conUsm- 
|>orancous  di>'i8ion  of  the  cell  body.  Tliese  researches  have  been  in 
great  part  confirmed  by  Werner  (No.  13,  c\\.  p.  354). 

LUftahirr   irn    Krjtrwltu-lian  «/  CV//x.— Altmann  :    Ktiiillcn,    lib,    dU    Zcllc,     M 
AiBoM:   Arch.  f.  iwlh.  Auat.  xcrlii.  1884,  \:  .SOI.     Babes  (Method  of  Btalal^l 
Areli.  t  mik,  Kx»U  xtiU  1883,  p.  3&«,    van  Bambeke :   ^tat  »ctii*l  4«  bm  ~ 
imImiiiiw   Mir  U  Stmoture    du    N<>vaii    cvUiilnirr,    1886.      Bomtet:   Moachan   _ 
Woohajohr.,  xzztIL  1846,  p.  387.    Brass:  Cliromatiu,  ZcUrabiUni,  n.  Kcm,,   II 
BiktsdiU :  Man>l).  J*hrl>..  xL  1886,  p.  'ivit.    Carnoj,  Giiaon,  Denjrs :  U 
188«.    Cearchet:  n<i  Noyan  dans  Us  (MIoIm  r4g<t.  tt  siitaMl.,  1A8I.     Oeg,^ 
Oam{it.  roiuL  Snc.  <l«   Kii>1.,  lii.  1886,  p.  848.      Freaxel:  Arrh.  r.  mik.  Aoat,^ 
1884,  |>.  7.1.     Gillis:  IVilifrnilioti  ilv  l»  Collulv  |>v-   KAryoVinrw.   18S($.     Hcftv 
Untcmiirh.  ub.  Morphol.  u,  PliY»io|,  d.  Z>41r.,  \^%\.     Jaworowski :  Arch.tr.  >1«tw' 
Btol.,  Pu-if,  L  1880,  p.  641.     List:  Die  Ruilinirnta-lU-ntbi-oric,  vU\,  1880.     Platnirl 
Arch,  t  Dilk.  Anat.,  xxvL   I8aS,  p.  Mi.      RabI :  .Murph.  Juhrb..  x.    18M  f.,   |>.'.'1t.J 
TbouTetiin :  I>u  Nuyan  d*iis  Un  OtIuUi*  vt^g^Let  Anitiul.,  \vi\.   Unnudeated  Cells 
^Jouni.  Sc.,  1-.H1.U,  vU.  188fi,  ^  S4». 
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PRICKLE  CELLS. 

267.  In  normal  stratified  epithelium  and  much  more  evidently  in 
that  covering  morbid  growths  such  as  warts,  condylomata,  and 
cancers,  the  edge  of  the  cells  frequently  presents  a  number  of  serra- 
tions or  teeth,  hence  the  names  ilenticulate  or  prickle  cells  ("  cellules 
dentclees  ").  It  was  formerly  su]tposed  that  the  serrations  of  the  one 
dovetailed  with  those  of  another.  That  cannot  be  so,  however,  as 
the  prickles  of  one  cell  are  in  apposition  with  those  in  the  neighbour- 
hood by  their  apices. 

Del^ptoe  (No.  6,  xviiL  p,  442)  gives  quite  a  difTerent  explanation  of  them. 
He  finds  that  they  are  true  tibres  which  spring  from  the  nucleus  of  one  cell  and  pass 
over  to  that  of  another.  From  the  fuct  that  they  do  not  stain,  as  well  as  for  other 
reasons,  he  thinks  it  most  likely  that  they  are  part  of  the  achromatic  nuclwr  figure 
and  that  they  correspond  to  the  fibrua  vrkieh  unite  thv  daughter  asters  before  divinon 
of  the  cell  body  is  completed. 

268.  Methods. — Indirect  division  may  be  observed  in  living  tissues 
such  as  thoi^e  of  the  larvm  of  various  animals  (s;il!tmander),  and  in  the 
epithelium  of  the  tail  tin  of  fishes.^ 

Fixing. — It  can  bo  far  more  beautifully  followed,  however,  in  pre- 
parations which  are  fixed  by  means  of  some  hanknitig  reagent.  Tho 
karyomitotic  figures  change  very  rapidly  after  death,  and  hcnco  the 
tissue  must  be  phwed  in  the  fixing  liquid  immediately  after  being 
removed.  As  the  object  is  to  get  the  reagent  to  penetrate  as  r.ipidly 
as  possible,  the  pieces  of  tissue  should  be  in  tho  form  of  thin  slices. 

Spirit  and  tho  chrome  salts  are  not  suitable  for  this  [Mirpcisc ;  picric 
and  chromic  acids  are  much  more  serviceable.  The  former  may  bo 
used  as  a  cold  saturated  solution  or  more  dilute ;  the  latter  of  the 
strength  of  ,\j-  to  J  per  cent.  Flcsch  {No.  14,  xvi.  p.  300)  recom- 
mends a  mixture  of  chromic  and  osmic  acids.  Flemming  has  u.scd  this 
freely,  but  states  that  the  nuclear  plexus  .stains  much  better  if  a  little 
acetic  or  formic  acid  be  added  to  tho  mixtiu-e.  The  formula  he  em- 
ploye is  the  following  : — 

Chromic  acid  025  per  cenf\ 

Osmic  acid    .  0"1         „         Lin  H,0 

Acetic  acid    .         .         O'l         >i        ) 

This  is  specially  suitable  for  demonstrating  tho  chromatic  plexus  of  the 
nucleus.  For  fixing  the  achromatic  fibres,  he  says  the  following 
mixture  is  more  suitable : — 

Chromic  acid     0  2  -  0'25  per  cent  )   .    tt  ^ 
Acetic  acid        O'l  „         )  * 

followed  by  staining  in  hicmatoxylene. 

'  Cnnsalt  Flemming  (No.  14,  xUL  p.  698),  Peremeschko  (No.  U,  xvi.  p.  437  ; 
and  idevtj  xtiL  p.  168). 
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Staining  and  Mounting. — The  staining  of  the  chromatic  part  of 
nucltius  can  )>e  effected  by  various  nuclein  staining  reagents.     Ha 
toxylene  is  not  always  a  pure  nuclein  staining  substance.     It 
colours  the  achromatic  filaments  faintly,  and  hence  is  justly  held  to 
an  extremely  useful  means  of  demonstration.     Flcmming  eniploya  aI 
very  dilute  solution  which  has  stood  for  a  long  time,  and  which 
stain  the  anisotropic  pirts  of  muscular  fibre.     The  tissue  to  be  stainc 
should  be  left  in  it  for  from  twelve  to  twenty-four  hours. 

For  demonstration  of  the  nuclear  network  he  recoramcnda  above  i 
other  methods  that  of  staining  by  the  Bottcher-Hermanu  proeeaa 
modified  by  himself  (No.    14,  xix.  p.  317).     To  effect  this,  aove 
staining  reagents*  may  be  utiii.sed  ;  of  all  these,  safranin  is  the  beit|l 
but  Magdalu  red  or  rose  of  na])hthulinc,  dahlia,  gentian  violet,  niauri^i 
or  mauvinc,   and  several   others  he    enumerates,   are    almost  ci|iial]] 
goo<l.     The  section,  after  being  washed  in  distilled   water,  is   pli 
in    a    mixture    of    et^ual    jiarts    of    saturated    alcoholic   solution 
safranin    and    water.     If    dahlia  is   selected,    it    is   better    to  dis- 
Bolve  it  simply  in  water,   or   in   water  acidulated  with  acetic  acid, 
instead    of   in    alcohol.     The   section  is   allowed    to    remain    in    the 
staining  mixture  for  twelve  to  twenty-four  hours.     It  is  subeequaat 
washed  in  successive  relays  of  alcohol  until  it  ceases  to  give  off  oolo 
when  it  will  be  found  that  the  nuclei  have  retained  the  colour,  whil 
it  has  been  washed  out  from  other  parts.     The  section  should  be  chiri'l 
Bed  in  oil  of  cloves  or  turpentine  and  mounted  in  dammar  lac     Gen- 
tian  violet,  he  says,   when  employed  for  chromic   acid  preparatio 
gives  even  sharper  figures  than  safranin.     If  the  preparation  tends 
shrink  when  being  clarified  with  oil  of  cloves,  Fleniming  recommei 
Uio  use  of  a  mixture  of  etjual  |iarts  alcohol  and  tur[»entine,  followed 
pure  turpentine  instead  of  the  above. 


CHAPTER   XXIV 

THE  NEW  FORMATIONS  AND  TUMOURS 

269.  Definition  of  a  New  Formation. — The  excessive  produdim  of 
tome  tissue  naturaUy  existing  mi  the  body  during  fcdal  or  adult  life,  other 
locally  where  such  tissue  is  normally  present,  or  in  some  part  of  which  ii  is 
not  an  actual  constituent. 

They  are  the  group  of  pathological  formations  known  as  the  neo- 
plasmata  (vcos  new,  and  rXatr/ia,  anything  formed  or  moulded). 

The  word  tumour  signifies  merely  a  swelling,  and  is  usuaUy  applied 
to  a  local  circumscribed  projection.  A  na/plasm  generally  forms  a 
tumour,  but  a  tumour  is  not  always  dne  to  a  neoplasm.  An  abscess,  for 
instance,  or  a  cyst  may  constitute  a  tumour,  but  neither  of  these  is  a 
neoplasm.     Some  neoplasmata  do  not  cause  any  swelling. 

For  purposes  of  description  it  will,  however,  be  more  convenient  to 
describe  the  neoplasms  and  tumours  together. 

MESOBLASTIC  TUMOURS.^Group  I. 

THE  SARCOMATA  {<rdp^,  JUA). 

270.  The  term  sarcoma  had  until  comparatively  recent  times  a 
very  misty  and  uncertain  signification,  and  comprised  a  number  of 
neoplasms  of  dissimilar  nature.  It  was  applied  to  any  new  formation 
which  had  a  flesh-like  consistence, — that  is  to  say,  which  had  the 
consistence  of  fresh  muscle.  At  the  present  day,  however,  it  is  limited 
to  a  class  of  tumours  having  certain  specific  characters. 

Definition. — A  sarcoma  is  a  tumour  composed  of  an  embryonic  con- 
nective tissue  which  shows  no  inclination  to  fulfil  its  ultimate  developmental 
intention. 

A  tumour  composed  of  a  fully  developed  connective  tissue,  such  as 
the  white  fibrous,  is  not  a  sarcoma,  nor  is  a  young  cicatrix  a  sarcoma 
because  the  cells  in  both  of  these  have  the  inherent  property  of  proceed- 
ing to  their  ultimate  stage  of  development,  namely,  fibrous  tissue.     In 
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the  Barcoma,  the  cells  hare  not  this  tendency,  but  remain  in  thdrg 
eraliryonic  statti,  and  continue  to  be  roprwluced  over  and  over  again 
this  state. 

Varieties. — The  coimnonest  types  are  those  which  are  eomp 
of  round  cells,  or  spindie-ccUs,  or  those  in  which  giant  cells  are 
combined  with  a  spindle-cell  matrix.     There  are  many  TarietiM 
modifications  of  these,  which  will  be  described  in  due  course. 

271.  Sites. — It  may,  generally  speaking,  be  said  that 
can  grow  in  any  situaticm  in  which  ronnectivf.  tissue  is  presaii,  and  aa  IImI 
epithelial  surfaces  are  practicall}'  alone  exempt  from  some  aurt 
connective  tissue,  they  may  lie  held  as  the  only  exception  to  tho 
that  sarcomata  may  occur  in  any  part  of  the  body.  They  are 
common,  however,  in  part«  where  connective  fibrous  tissue  is  abandaai,,' 
such  as  in  the  subcutaneous  fat,  the  derma  of  the  skin,  periosteum,  etc 

272.  Embryonic  Significance. — They  are  all  new  growths  «rfj 
some  tissue  evolve<i  from  the   mrsolJast,  while  the  cancerous  tiunc 
originate  from  ii  derivative  of  the  epi,  or  hypofilasl. 

273.  Malignancy. — All  the  sarcomata  are  malignant — that  ia  to 
Bay,  they  tend  Uj  recur  locally  when  removed,  or  they  form 
tumours  in  distant  organs.     The  round-cell  type*  are  very  roalij^natil^ ' 
especially  when  pigmented,  and  are  apt  to  form  secondary  tumoors ; 
while  the  spindle-cell  varieties  are  characterised  by  a  malignancy  which 
is  chierty  local.     The  name  "  recurrent  fibroid  "  is  somotimr«  a{)pliodJ 
clinically  to  a  spindle-cell  sarcoma,  on  account  of  its  tendency  to  re]ii 
duce  itself  locally  when  excised. 

274.  Signs  of  Malignancy  in  Sarcomata  and  in  ot 
Tumours. — It   haa   just  l>vfu   htatod    tluu    the    saKomata   are 
malignant  tumours,  but  the  characters  by  which  the  malignancy  of 
tumour  can  be  prognoscd  have  not  been  described.     The  following  i 
the  chief  signs  of  malignancy  in  any  tumour,  U  it  tarrvma  or  camttr 

(1)  Size  of  the  Cdl. — As  a  nilo  it  may  Ik"  said  that  the  smaller 
cells  of   a  tumnur  the  more  malignant  will  it  probably   be.     Thu 
the  small  round-cell  sarcoma  is  a  more  malignant  tumour  than 
composed  of  giant  cells,  and  the  small  epithelial  cells  of  a  acirrboasl 
cmoor  of  the  mamma  give  rise  to  a  more  malignant  growth  than  the 
large  flat  epithelial  cells  of  the  skin  or  of  a  mucous  membrane. 

(2)  Th«  Nvmber  vf  the.  CtlU. — If  a  tumour  be  purely  ceUolar, 
grettor  is  the  likelihood  of  its  recurring. 

(3)  Aehnty  of  (kt.  Cell*. — One  of  the  chief  diagnostic  feature*  of  a 
malignant  tumour  is  the  tendency  which  its  nuclei  and  cells  bare  to 
divide. 

(4)  Shape  of  the  Cell. — A  small  round  cell,  like  a  lymph  corpqacm 
will  bo  more  readily  transported  by  a  blood-vessel  or  lytnphatie 
one  which  is  long  and  tapering ;  and  hence  the  former  will  t«nd 
rvpro<]uro  the  tumour  in  neighl>ouring  parts  in  preference  to  the 
The  rountl  cell  sarcoma  forms  secondary  tiunours   in   neighl 
oigana  with  greater  readiness  than  one  of  the  spindle-cell  typa 
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(5)  Tfie  Manner  in  which  thfij  are.  held  together. — So  far  as  regards  the 
sarcomata  at  least,  the  more  loosely  the  cells  are  held  together  tha 
greater  tendency  there  is  for  the  tumour  to  recur. 

(6)  Abscnte  of  any  Ten<knfi/  to  Cumpltif:  their  Develop ntental  Intention. 
— Of  all  signs  of  malignancy  this,  in  the  case  of  the  sarcomata,  is  per- 
haps the  most  unequivocal.  The  colls  do  not  complete  the  connective 
tissue  they  were  destined  to  generate.  Instead  of  their  energy  being 
occupied  in  the  metabolism  necessary  to  secrete  the  matrix  peculiar  to 
each,  it  is  wholly  exjjended  in  causing  the  cell  to  reproduce  itself. 

(7)  Tendewij  of  the  Cells  to  Spfuid  into  Neighlmmmf  InlrrjihriUar 
Spaces. — In  examining  a  tumour,  the  tissues  round  about  it  should  be 
carefully  investigated  witli  a  view  to  noticing  whether  its  cells  incline  to 
pierce  into  them  in  long  rows.  If  so,  such  a  tumour  is  dangerous  and 
should  bo  excised  with  a  wide  margin.  A  single  cell  left  in  the  suir- 
rounding  parts  will  reproduce  it.  The  cancer  of  the  mamma  shows 
more  tendency  to  penetrate  the  siurounding  stroma  of  the  gland  than 
perhaps  any  other  tumour.  It  is  also  one  of  the  most  malignant  of 
tumours. 

Age  at  which  they  Occur. — It  is  said  that  sarcomata  are  tho 
heritage  of  youth,  cancers  of  old  age,  and  perhaps  this  is  true.  It 
must  not,  however,  be  supposed  that  the  former  are  unknown  in  old 
people.  Some  of  the  most  t}'pical  sarcomata  the  author  has  met  with 
have  been  taken  from  persons  over  sixty  years  of  age. 

Absence  of  Fat  Tissue. — As  a  rule,  adipose  tissue  rapidly  dis- 
appears from  the  centre  of  sarcomata ;  their  cells  endently  giow  from 
it.  Masses  of  mlipose  tissue,  on  the  other  hand,  are  frequently  seen 
in  a  cancerous  tumour,  because  the  cells  proper  of  the  tumour  arc 
epithelial,  and  merely  pierce  into  the  spaces  between  the  fibres  without 
actually  springing  from  the  fibres  themselves. 

Gemral  Methods  of  Preparaiion. — The  majority  of  the  saxcomata 
should  be  hardened  in  spirit  {Hardening  Solution  "A,"  Section  36). 
The  myxomatous  sarcomata  aio  better  hardened  in  "  C."  Stain  with 
hajmatoxylone,  haematoxylene  followed  by  eosin,  or  with  picro-carmine. 
Mount  in  Farrants'  solution. 


The  Round- Cell  Sarcomata. 

275.  In  the  old  nomenclature  of  tumours  these  were  known  aa 
eneeplialoid  or  medullanj  caticcrs.  Tho  cells  within  them  are  sometimea 
anuill,  at  other  times  liirge. 

The  small  round  cell  sarcoma  is  found  most  commonly  as 
a  growth  of  the  subcutaneous  aieolar  tissue,  attached  to  bone,  or 
springing  from  the  neiu-oglia  of  the  brain  or  spinal  cord.  It  is  lobu- 
lated  on  the  surface,  and  somewhat  flattenc<i  behind,  where  it  presses 
npon  neighteiunng  |)arts.  In  consistence  it  may  be  so  soft  as  to 
resemble  brain  tissue ;  at  other  times  it  is  tougher,  but  it  is  the  softest 
of  all  the  sarcomata.     When  cut  into,   the  exposed  surface  appears 
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tingiiiahed,  with  careful  focussing,  around  it.  The  larger  cells  usually 
have  two  or  four  nuclei,  and  if  proper  methods  of  examination  be 
adopted,  an  intra-iiuclejir  plexus  may  sometimes  be  detected. 

Tfte  nudeus  stains  deeply  and  ivadity  w'itli  nuclear  staining  reagents, 
such  as  luematoxylene  or  carmine — a  character  which  is  inherent  in 
the  cells  of  all  actively-growing  tumours. 

The  intercellular  substance  is  of  a  granular  and  albuminous  nature. 
It  serves  to  cement  the  cells  only  loosely  together,  and  hence  the 
tumour  is  usually  very  soft.  \\Tiero,  however,  the  tumour  is  young, 
muscular  fibres  or  white  fibrous  tissue  may  he  mixed  up  with  it. 
Blood-vessels  are  abundant  j  and  being  so  Ijadly  siip]X)i-ted  by  the 
soft  friable  tumour  substance,  are  constantly  liable  to  rupture.  Blood 
extravasations   are   consequently   often  met  with  in  these  tumours. 


^<i^'- 
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FlO.  118.— LlBOE.nnDlCD-CELL  BiMOOtU.,  VAQUI/a.  WmX  (X360  DlAMS.) 

(a)  OeUt  Qf  Urn  tumour ;  (t)  espilUr]'  blood-T«<Ml  (Hmnitozyltnr). 

The  degenerations  to  which  they  are  liable  are  chiefly  the  fatty  and 
mytomalffus. 

Frepiiratim. — As  for  sarcomata  generally. 

276.  The  large  round-cell  sarcoma  is  much  less  common  than 
the  small  ;  the  cells  are  four  or  five  times  larger ;  and  the  nuclei  are 
well  defined,  large,  and  multiple.  The  protoplasm  is  also  very 
granular  and  cloudy.  No  special  situations  can  be  assigned  in  which 
they  are  more  frequent  than  in  others. 

Preparation. — As  in  foregoing. 


Thk  Spindle-Cell  Sarcomata, 

277.  S/zrt.  Fibro-plastic  tumour  (Lebert);  fasciculated  sarcoma  (Comil 
and  Rauvier) ;  recunent  fibroid  (Paget). 

These  are  perhaps  the  commonest  of  this  group  of  tumours,  and 
ore  found  more  in  dense  fibrous  textures,  such  a.s  tlie  derma,  perios- 
teum, tendons,  and   sheaths  of  muscles,  than  the  round-cetl  types. 
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fiimishoti  with  an  oval-ghaped  nucleus  which  stains  readily.  The 
spindles  interlace  in  bundles  at  somewhat  obtuse  angles,  and  these 
bundles  are  sometimes  cut  across  in  making  a  section.  ^V^len  so,  the 
divided  cells  look  like,  and  arc  frequently  mistaken  for,  small  round 
cells,  especially  if  the  section  hnjuMin  to  jmss  througFi  the  middle  of  a 
bundle  so  as  to  include  the  nucleus.  A  tnie  spindle-cell  sarcoma  con- 
tains very  few,  if  any,  round  cells. 

(2)  The  Large  Spindle- Cell  Sarcoma. — This  differs  from 
the  former  mainly  in  the  size  of  its  cells,  M'hjch  are  three  or  four  times 
bulkier.  The  nucleus,  as  in  the  foregoing,  is  also  oval  in  shape.  Flat, 
branched  cells  are  occasionally  as.sociatcd  with  the  spindles. 

(3)  The  Oat-seed-like  spindle-cell  Sarcoma. — This  is  made 
up  of  very  small  olitusely-pointed  spindles,  loosely  held  together,  and 
hence  is  a  softer  tumour  than  the  two  preceding. 


|l>s.|%**^ 


Piu.  1}!.— 0*T.Ssti>-LiKS  SruniL»<:Eu.  SAacoKA  ( x 300  Diaiu.) 


Malignancy. — This  is  chiefly  local,  although  multiple  spindle-cell 
tumours  are  sometime*  met  with  widely  spread  throughout  the  various 
organs  and  tissues. 

Reproduction  of  the  Spindles. — Do  the  cells  of  these  tumours 

pass  first  through  a  round-cell  stage,  or  is  the  one  spindle  generated 

directly  from  the  other  t     The  fact  that  the  tumour  is  usually,  when  a 

pure  sarcoma,  simply  a  mass  of  spindles,  would  jwint  to  the  probability 

of  their  direct  origin  from  pre-existing  spindles ;  and  if  the  tiunour  be 

.  carefully  searched,  strong  evidence  pro\nng  the  truth  of  this  conjecture, 

!  will  bo  found.     The  one  spindle  seems  to  be  reproduced  from  another 

\  in  the  following  way  : — -The  nucleus  of  a  |iarticid&r  cell  is  noticed  to 

!  become  enhirged  and,  subsequently,  slightly  constricted  in  the  middle, 

Ito  as  to  assume  a  dumb-bell  sha])e.     A  similar  depression  is  noticed  in 

[the  body  of  the  coll.     The  nucleus  completely  divides  into  two,  while 

[the   indentation  in   the   Ixxly  of  the  cell  becomes  deeper  and  the 
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junction  between  the  two  halves  more  attenuated  and  dimirn 
Each  nucleus  retreats  into  a  half  i>f  the  cell,  :uiil  the  Mpontion 
twoen  the  two  {Muts  of  the  body  shortly  becomeis  completed,  two  vvn 
spindles  thu»  resulting. 

Frcparaiion. — Harden  in  "A";   stain   in  iuematoxylene    and 
sequently  in  eosin  ;  mount  in  Farrants'. 

The  Gunt-cell  Sarcomata. — Syn.  Myeloid  Sarcomata  (P)ikg«t). 

278.  These    are    generally,    though    not    always,    found 
primarily  from    bone  or  periosteiun.     The   jaws   and  the  femur 


m 
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Put.  m— ^IiavT'Cbx  8f  ooMt  (MAuaxiar  Brcui)  raoif  Ltnnn  J&w  (x«M  Pujm.) 

(a)Sp(iMU»«dlbMUfou4tk*glUte«lla;  (6)(Unt'C*U  eonUlDlncaujraaelit:  (<)•< 
la  •  (iiBt  Mn(Pkero-eamliu). 

among  the  commonest  bones  on  which  they  are  located.     That  i 
occurs  on  the  jaw  is  known  as  a  malignant  epulis. 

They  are,  aji  a  rule,  soft  tiesh-likc  tumours,  Viut  in  certain 
have  the  fibrous  fasciculated  appearance  of  a  spindle -coll 
They  tend  to  grow  into  the  bone  to  which  they  are  attached,  U 
pcrio8t«al  origin  to  begin  with,  so  that  a  spontaneous  fracture  of  a  1< 
bone  or  of  the  lower  jaw  may  thus  )>e  caused.  They  all  possess 
property  of  forming  alxirtivo  small  pieces  of  bono  within  their  substance^ 
a  gritty  sensation  being  thus  oft«n  experienced  in  cutting  thmugh  then. 
It  occasionaUy  happens  that  they  are  encased  in  a  thin  shell  of  such 
newly-formed  bone.    Extensive  hiemorrhages  commonly  take  place  into 
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tbem,  and  their  vessela  may  become  distended  or  angeiomatous.  The 
name  fun^^S  hxmatodes  was  formerly  given  to  the  tumour  when 
in  this  state. 

The  special  feature  of  the  tumoui'  is  the  occurrence  within  it  of  the 
rlarge  iwlynucleated  masses  of  protoplasm  designated  g^ant-cells  or 
myelo-plaxes  (Rr»hiii).  Although  the  name  myeloid  is  usually  ap- 
plied M  such  tumours,  yet  certain  authors  have  taken  exception  to  it 
on  account  of  the  cells  not  being  exactly  like  those  of  foetal  marrow, 
and  have  restricted  the  application  of  the  term  to  a  tumour  resembling 
that  which  has  been  described  n«  the  large  round-cell  sarcoma  (Sect. 
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Fig.  123.— Oiakt  Ccijl«  niKXixu  Bostc,  moM  it  Ualioxawt  EruLU(xSOO  Vuu».) 
(a)  Tba  l«>ne  nwtrtx,  wtth  gnnnUr  calcic  depodt ;  (b)  unall  gUnt  cell ;  (e)  the  win«  trier  dlTld> 
■tat  kiwt  »li«>  about  lo  bMoow  oaavattad  Into  ■  boiM  oorpuacle ;  (d)  ioom  o(  the  larrotutdinc 
■jiluJlc-oell  Umuc  (PlefD-«*nalM)L 


276).    There  cannot,  however,  bo  any  misconception  of  the  term  giant- 
all  Mromia. 

The  tumour  is  seldom,  if  ever,  entirely  composed  of  giant  cells.     It 

will  usually  \w  foiuid  that  the  giant  cells  are  embedded  in  a  matrix  of 

L^indleA,  und  it  comes  to  be  a  question  whether  the  tumour  is  to  be 

imiked  aa  a  spindle-cell  sarcoma  with  giant  colls  added  to  it,  from  the 

r&ct  of  its  having  grown  in  connection  with  a  l>one,  or  as  a  distinct 

ranoty  of  sarcoma.     In  many  case^,  such  as  in  the  malignant  epulis, 

tlic  tumour  secnu  to  be  simply  a  spindlc-ccU  sarcoma  invading  l>one, 

dustruying  it^  and  liberating  the  lione  corpuscles  which  then  develop 

into  giant  cells. 
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The  giant  cells  are   large,   rounded,  flask  or  irregularis  shaf 
masses  of  protopliism  measuring  from  50  to  120/t  or  more  in  diamet 
They  usually  contain  from  twenty  to  thirty  small  oval-ehaped  nuclei, 
either  clustered  in  a  mass  at  the  centre  of  the  cell  or  arranged  in  a 
crescent  at  one  end.     They  sometimes  throw  out  lobes  or  branchincJ 
I>rocesse8,  but  these  ore  not  so  common  as  in  the  giant  celts  foiinal 
in  tubercle.      The  spindle-cell  tissue  forms  alveolar  cavities  in  which 
the  giant  cells  are  contained. 

Origin  of  the  Giant  Cells. — They  are  prolMibly  derived  from  two 
sources — the  cells  of  the  deep  layer  of  porioeteiuu  and  the  bono  eor»< 
pu3clc5.  The  matrix  of  the  Ixine  becomes  alworlied  by  the  invasion 
the  spindlo-cf  11  tumour  ;  the  iKine  corpuscles  are  liberated  and 
into  the  giant  cells.  These  still  retain  the  power  of  reproducing  bon«,f 
and  under  certain  circumstances  this  |K)wer  is  rwissertetl — hence  the 
small  pieces  of  abortive  bone  found  scattered  throughout  the  tumour. 
When  the  giant  cell  loses  its  sarcomatous  characters  and  begins  t4>  revert 
to  its  natural  function  of  forming  bone,  it  divides  into  a  nomber  of 
smaller  masses  or  osteoblasts.  These  then  usually  arrange  themulTM 
round  a  blood-x'essel  of  the  tumour  and  commence  to  throw  oat  a 
calcified  matrix  just  as  in  natiu^  ossification.  Ossification  of  Um 
tumour,  however,  is  never  complete,  and  the  bone  seldom  has  tbt 
laminated  character  which  it  possesses  normally. 

Maligrnancy. — Like  that  of  the  spindle-coll  sarcomata,  ita  mal^J 
nancy  is  chiefly  local,  although  secondary  bone-formiog  tumoon  nui/| 
occur  in  the  lung. 

Pnpamiion. — As  for  sarcomata  generally. 

MfANIMQ  OF  CEUTAIN  TERMS  ATPLIED  TO  TlTMOURS  GbOWINC  nUM 

Bonk. 

279.  It  may  be  as  well  to  define  those  ex])licitly,  as  some 
of  confusion  exists  regarding  their  exact  significance. 

(1)  OsteO'Sarcoma  and  Sarcoma  of  Bone. — Virchow,  in  hit  J 
work  on  tumours,  was  inclincfl  to  make  a  distinction  between  the 
two  terms.     Looked  at  in  the  light  of  our  modem  knowledge  of  tb«] 
origin  and  nature  of  tumours,  any  distinction  of  this  kind  soenw  tOil 
be  artificial  and  unnecessary.     The  two  terras  are  literally  synony* 
mous. 

(2)  Ossifying  sarcoma  is  a  terra  applied  to  a  tumour  which  hat 
the  power  of  forming  pieces  of  bone-tissue  throughout  ita  subataaetl 
whether  it  be  connected  with  a  bone  or  not.      Although  noat  id 
those  primarily  arise  from  bono  or  periosteum,  yet  the  Meondaiy 
tumours  may  be  situated  in  the  lung  or  other  soft  i»rt  and  still  iwtaia.^ 
their  bone^forming  propensities. 

(3)  Osteoid  Sarcoma. — This  is  a  term  the  author  cannot  nndo^l 
•tand.  The  terms  "  osteo-sarcoma  "  (ixiund,  spimlle,  giant^^Ued,  ele.)j 
and  "  ossifying  sarcoma  "  are  quite  sufficiently  comprehensive  to  iDclndt  J 
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all  the  sarcomatous  conditions  of  bone.  A  tumour  which  has  become 
converted  into  a  tissue  such  as  bono  or  cartilage  is  no  longer  a  sarcoma, 
and  ounht  to  have  a  separate  dt'signatioii. 

(4)  Osteoma,  Ossifying  Chondroma,  and  Osteo-chondroma. 
— These  terms  are  sufficiently  explicit  and  hardly  require  any  explana- 
>ii.     The  osteoma  is  a  mass  of  newly  and  completely  formed  bone.     An 
tiftfing-chondroma  is  a  cartilaginous  tumour  with  a  tendency  to  ossify, 
ostro-fhondroma  is  a  cartilaginous  tumour  growing  from  a  bone. 
Ostco-canccr. — Secondary  cancers  of    bone  are    occasionally 
Been.     A  primary  cancer  of  bone  is  a  tumour  unknown,  and  it  is 


Jfi^ 


-K 


Fio.  134.— HrxoMATOtra  Cavitt  ix  tbb  Cumuc  or  a  SAAdOiuTom  TWOCB  <X40  Dt^lis.) 
(a)  SatMtenM  of  the  tnmonr  u  yet  Qnaireet«il  with  the  (]«i;«ncntioii ;  (li)  the  elau-  inyxamatoDt 
put ;  (e)  ■  vein  :  mil  (d)  ui  artery  In  tlie  midit  of  the  nmoold  (Cumlnc). 

difficult  to  see  how  such  a  tumour  could  ever  arise  unless  from  some 
epithelial  remnant  left  attached  to  a  bone  during  early  intra-uterine 
existence. 


SPECIAL  FORifS  OF  SARCOMA  AND  SARCOMA-LIKE  TUMOURS. 

Myxomatous  Sarcoma. 

280.  The  mucous  or  myxomatous  degeneration  is  common  in  sarco- 
mata, especially  in  such  as  arise  from  subcutaneous  areolar  tissue.  The 
tumoiu*  sometimes  goes  by  the  name  of  a  myxoma.  It  i.s  markedly 
lobukted,  and  when  cut  into,  a  quantity  of  clear,  ropy,  mucous  liquid 
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exudes  from  it.     The  whole  mass  has  a  trembling  jelly-like  i 
and  when  the  cut  surface  is  examined,  parta  of  the  tumour  are  m«o  to 
be  more  gelatinous  than  others.     There  are  frequently  angular  spMotj 
contained  in  it  tiileii  with  the  mucous  fluid.     The  mucin  conttuned  it 
the  6uid  is  thrown  down  in  a  stringy  precipitate  on  the  addition 
acetic  acid. 

Microscopically  the  tumour  is  most  commonly  a  round-ecll 
coma.     The  my.vomatous  degeneration  runs  along  the  course  of  tlM^ 
blood-vessels,  and  the  angular  spaces  above  referred  to  generally  contain 
one  or  more  small  arteries  in  their  midst.     It  specially  affecta  the  inter- 
cellular substance  of  the  tumour,  any  fibrous  tissue  which  may  be  leh 


^ 
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Pta  Its.— PoiTioii  or  m  Edoz  or  tub  MrxoiurDri  Sncu  aooini  oi  Fio,  144  (xUO  IhMik) 

(ii)  Ttie  edge  of  the  tamaar ;  (^)  tlia  tnocblng  oella  lying  In  Uw  elaar  macold  (Cte«la*X 

in  it,  and  the  areolar  coats  of  arteries.  Those  dissolve  into,  or  at ! 
become  repIaco<i  by,  the  clear  jelly-Uke  substance,  so  that  the  cella  of 
the  tumour  arc  left  dissected  out.  The  latter  then  begin  to  emit 
processes  whereby  a  network  of  liranching  cells  in  time  result*  with 
the  trantparent  Ijaais  sulistance  l>etween  them. 

Preparation. — Harden  in  "  C  ";  stain  in  hiimiatoxylene  ;  mount  in 
Farruntfl'. 

Melanotic  Sarolma. 

28 1 .  The  mehmotic  degeneration  is  also  common,  especially  in  sut 
I  '4k«omata  aa  arise  from  surfaces  naturally  containing  pigment,  as 
ehoroid,  the  skin,  etc.    The  cells  are  usually  of  thi<  round  ty|>e,  alt 
pigmented  8pindlcK;cll  sarcomata  are  alao  met  with.     The  melanioe  ia 
brown  in  colour  when  oxaminod  with  tranamitted  light,  and 
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the  form  of  granules.  These  are  deposited  in  the  protoplasm  of  the 
cell,  primarily  round  the  nucleus,  and,  subsequently,  within  it.  The 
whole  cell,  in  course  of  time,  becomes  filled  with  pigment.  When  the 
cells  are  young  and  actively  dividing  they  have  large  nuclei,  and  are 
almost,  if  not  entirely,  free  from  pigment.  It  is  only  apparently  when 
resting  that  melanine  is  deposited.     These  tumours  are  exceedingly 


Fio.  126.— OuDT  Brahchkd  Cm.  rBOK  a  Htzomatocs  Fabotq)  Sarooha  (x4S0  Diamb.) 
(Picro-cannlne). 

malignant.     The  primary  tumour  is  perhaps  commonest  in  the  eyeball, 
the  secondary  tumours  in  the  liver,  lung,  and  skin. 

Preparation. — Harden  in  "  A  ";  stain  in  carmine  somewhat  faintly ; 
mount  in  Farrants ;  or  clarify  and  mount  in  dammar. 


Alveolar  Sarcoui. 

282.  This  is  a  tumour  described  by  Billroth  (No.  33)  as  a  special 
variety.  It  consists  of  a  delicate  mesh-work  of  fibrous  tissue,  in  each 
alveolus  of  which  is  contained  a  single  large  round  connective  tissue  cell 
with  one  or  more  nuclei.     Sometimes  there  may  be  two,  three,  or  more 
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It  is  said  to  be  the  nearest  approach  to  a  cancer  found  in  any  of  the 
connective  tissue  tumours,  l>ut  may  y>e  readily  distinguished  from  a  true 
epithelioma  by  the  follownng  ebaractcristics  : — 

(1)  The  cells  are  of  the  connective  tissue  class,  and  are  not  derived 
from  an  epithelial  surface. 

(2)  They  are  frequently  still  attached  to  the  walls  of  the  alveolus. 
The  epithelial  colls  of  a  cancer  never  are. 

(3)  The  meshes  usually  contain  not  more  than  one  to  four  cells.  In 
a  cancer  the  cells  contained  in  the  meshes  of  the  tumour  are  always 
multiple. 

Freparation, — As  for  sarcomata  generally. 
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Pio,  ISO.— Torao  B&iooiu  Qftowma  noM  tss  Dons  Fmoiae  or  ms  Fbost  or  raa  Xjm 

(xSGODiAin.) 

The  Mill  of  the  eooDeaiTa  Uwuc  have  formed  en  alreoUr  itractiire  b7  eoUrgiiig  uid  pushing 
the  Mithbeiulii«  flbroiu  Uunee  ulde  (Ptcro-carmlUBX 


Glioma  or  Neuro-guoju — Virchow  {yXia,  glue). 

283.  These  are  usually  small  round-cell  sarcomata  derived  from 
the  connective  tissue  of  the  brain,  spinal  cord,  or  retina.  They  some- 
times have  a  well-defined  border,  at  other  times  it  is  almost  impossible 
to  say  where  the  tumour  supen-enes  ujjon  the  nerve  tissue. 

In  certain  cases  they  are  composed  of  the  most  beautiful  branching, 
spider,  or  Deitera'  cells,  the  network  produced  by  their  interlacing  pro- 
ceases  forming  an  exquisite  microscopic  object.  In  chronic  epilepsy, 
and  in  various  other  diseases  of  the  central  nervous  system,  hard,  almost 
cartilage-like  masses  tire  found  in  the  brain,  either  in  the  cortex  or  in 
the  medulla  oblongata.  They  are  usually  made  up  of  a  branching 
feltwork  of  these  spider  cells,  They  are  liable  to  become  fatty,  cal- 
careous, or  myxomatous, 

Prcparatim. — Harden  in  "  C,"  followed  by  "  A  ";  stain  first  by  the 
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of  blood  take  p1a,ce  into  the  substance  of  the  tumour,  and  from  this 
cause,  as  well  as  from  tho  sudden  distension  of  the  vessels  which  may 
ensue,  the  tumour  seems  to  grow  with  extraordinary  rapidity.  Lying 
among  the  extravasated  bloo<l  are  frequently  many  of  the  cells  of  the 
tumour. 

Preparation. — As  for  sarcomata  generally. 
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Fio.  1^1.— A>OKio-iUBOoiiA  or  ttmiK  Jaw(x4S0  Oums.) 
(a)  Qlmnt  e«U ;  (^)  leetlon  of  &  varlcaM  uid  diiteoded  vaiMl ;  (c)  niull-roUBd  o«lla  of  th<  tamoor 
(CumUie). 

Cylindroma. 

285.  The  cylindroma  was  formerly  supposed  to  be  a  cancer — that 
is  to  say,  an  epithelial  tumour.  The  general  opinion  now,  is  that  it 
is  of  mesobkistic  origin.  There  is  little  doubt,  however,  that  the 
many  tumours  described  as  cylindromala  by  various  authors  have 
differed  in  their  structure  and  mode  of  origin.  Malassez  (No,  4, 
January,  February,  and  March  1883),'  in  an  exhaustive  treatise  on 
the  subject,  limits  the  term  to  a  tumour  of  truly  epitheliomiitous 
nature  with  myxomatous  degeneration  of  the  stroma.  Its  general 
characters,  as  obsen-ed  with  the  naked  eye,  are  those  simply  of  a 
somewhat  soft  sarcoma. 

Microscopically,  according  to  Billroth,  it  is  composed  of  plexiform 
cylinders,  knobs,  and  spheres  of  round  celts.  These  push  surrounding 
tissues  aside,  and  as  they  increase  iu  bulk,  vessels  are  projected  into 
them.     The  tumour  thus  comes  to  be  composed  of  a  number  of  branch- 

'  Coniult  for  synopaia  of  Ut«ntare  of  (abject. 
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ing  blood-vessels  around  which  the  cells  of  the  tumour  arc  omnged  in 


FMi  Itl — OnnoMOiu  nunt  Datis  or  a  Cnu.  aBoiinao  thk  Ckllh  otxarxam 
Shall  AaTur  u(D  in  CAnLLAiiT(x4S0  DiuM.—C*nnioe). 

the  above-mentioned  manners.     One  special  scat  of  these  tumoan  ii 
the  orbit.     They  poaseaa  the  madigiuuicy  of  the  sarcomata. 


VH.  lU.— MTxaiUTOD*  CruntiiiaMA,  UaIM  Bumt  (x*M  Oiaib,) 
Vflkf  tnadrinc  ryllwlcr  Ilk*  nwt  of  «*ll«  ;  (h)  mnea4d  MvttiM  of  tlM  IWMl 
mneifnlU.    (H«iiutot]rl«i«.) 

1 '  ■  nmour  known  aa  a  myxo-cylindroma  which 

falTu;  \  '.\i.     The  aathor  has  soea  a  typicul  example 

from  the  neighbourhood  of  the  male  breast. 
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To  the  naked  eye  it  simply  resembles  an  ordinary  myxomatoxis  sar- 
coma, but  microflcopicall)',  differe  from  it  in  the  disposition  of  the 
sarcoma  cells.  These,  instead  of  forming  an  interlacing  network 
by  their  processes,  ramify  in  clulvshapcd  masses  or  in  branching  rows 
and  cylinders,  between  which  is  the  clear  mucous  liquid. 

Preparnlion. — A.s  for  sarcomata  generally. 

Lymphosarcoma  (Lympluidenoma). 

286.  This  name  is  given  to  a  tumour  which  in  its  structure  snmewbat 
resembles  a  lymphatic  gland.  It  usually  commences  in  lymphatic 
glands,  several  memliers  of  a  particular  group  being  almost  simul- 
taneously affected.     These  enlarge  and  coiUeftoe  so  that  the  original 


Pia.  ISi.— Lnu'Uo^UiuxiiiA  tvm  tm  Srtan  (xi&O  Uiahs.) 
(d)  RtitieulDm  of  th»  tumour ;  (6)  the  smaU  round  cell*  oontalned  In  the  meihac    (Carmlua.) 


outlines  of  the  individual  glands  are  lost.  The  mass  may  come  to  weigh 
several  pounds. 

The  special  sites  in  which  they  are  found  are,  as  primary  tumours, 
in  the  glands  of  one  of  the  mediastina,  particularly  that  of  the  posterior, 
while  the  secondary  tumours  occur  in  such  oigansas  the  kidney,  8j)!een, 
or  liver.  They  may  sometimes  even  be  prim:iry  in  these  organs. 
When  located  in  the  anterior  mediastinum,  they  may  grow  over  and 
into  the  pericardium,  so  as  to  overlap  the  heart  like  a  cap. 

General  Characters. — They  have  a  sharp  margin,  and  are  some- 
what lobubited,  esjMJciall}'  when  they  are  young.  The  cut  surface  has 
a  pinkish-yellow  colour  and  a  homogeneous  aspect,  unless  where  portions 
of  the  tumoui-  have  liecomo  fatty.  Haemorrhages  occasionally  take 
place  into  them.  They  tend  to  infiltrate  parta,  so  that  a  bronchus,  for 
instance,  may  become  surrounded  by  the  tumour  mass,  or  the  tumour 
may  grow  from  the  interior  of  the  thorax  through  the  intercostal  spaces 
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outwards  into  the  axilla.  When  they  occur  aa  primary  tumoon  in  Um 
kidney,  the  tissue  of  the  now  growth  insinuates  itself  between  sad 
around  the  uriniferous  tubes,  and  gradually  caiues  the  abeorpUoa  of  j 
these. 

Microscopically  they  are  found  to  be  compoeed  of  a  delicalsj 
fibrous  reticulum,  in  the  meshes  of  which  lie  niunbers  of  cells  like 
of  a  sniall  round-cell  sarcoma,  only  not  possessing,  as  a  rule,  such  a 
prominent  nucleus.  The  reticulum  somewhat  resembles  that  of  a 
lymphatic  gland,  hence  the  name  "  lymphadenoma.'' 

Development. — They  upjHjar  to  be  sarcomata,  with  this  ]•■ 
(according  to  C'tirnil  and  Kiinvier),  that  certain  of  the  cells  hnvo  1  i 
of    reproducing    fibrous  tis-sue.     This  constitutes    the  reticulum,   the 
meshes  of  which  in  course  of  time  become  distended  with  the  remain- 
ing cells  of  the  tumour.     The  tumour  seems  to  hold  a  place  intermediate 
between  a  round-cell  sarcoma  and  a  fibrous  tumour. 

Prepanitiivi. — Harden  in  "  C  "  ;  cut  very  thin  sectioiu ;  stain  ia 
hsematoxylone ;  brush  out  the  stroma,  and  mount  in  Famuitc';  or  mount 
in  Farrant*'  and  squeeze  down  the  cover  glnM. 

287.  Hodgkin's  Disease,  Adenia  (Trousseau),  Lymphoma 
(Ziegler), — In  connection  with  IjTiipho-sjircoma  it  may  Ix!  as  well  to 
refer  to  this  disease,  which  in  all  protiability  is  totally  different  in  it* 
nature  from  the  foregoing,  but  which  is  often  confound<Hl  with  it.     lo 
the  year  1832  Hodgkin  (No.  34,  XNii.)  described  a  peculiar  dis 
in  which  the  lymphatic  glands  throughout  the  liody  undergo  anil 
enlargement.,  a   condition    which    is   accomiianied    by  great 
There  is  no  doubt  that  Hodgkin  included  many  other  enlargements  of 
glands,  such  as   the  strumous,  in   the  sitme   category ;    but  there  ia 
nevertheless  a  distinct  disease    in    which  a  peculiar  and   ouivemLI 
enlargement  of  the  glands  t^ikes  place,  which  is  unconnected  with  tliCi 
strumous  diathesis,  and  which  is  not  an  eScct  of  local  causes  of  irritetioakl 
It  is  this  which  is  understood  at  the  present  day  as  Hodgkin's  Diaceefci 

The  onliirgcniGnt  of  the  glands  is  uniform  and  iiniversKil,  and  tlie^j 
have  a  pinkish  gmy  colotu-  when  incised.  Long  Btrings  of  them  mayj 
be  seen  nmning  along  the  course  of  the  aorta,  or  in  the  neck,  groin%  ] 
and  axillze ;  and  in  situations  where  lymph  glands  are  almost  impei^] 
ceptible  in  health,  they  become  so  prominent  aa  to  be  dietinetlj 
through  the  skin. 

The  enlargement  seems  to  be  due  to  an  excew  of  what  looka  like  I 
normal  reticulum  of  the  gland,  with  an  increased  number  of  Ijmpli 
pusclos  lying  in  the  meshes.     The  glands  do  not  tend  to  coitle«ce  as  m] 
true  lympho-sarcoma,  and,  altogether,  the  affection  looks  more  like  •  - 
lymph-ttdenitis  due  to  some  wide-epread  cause,  than  a  diseaae  of  a  tmlj 
aaroonutona  nature. 

LlPOUATODS  SAR(X>MA. 

288.  It  haa  been  said,  in  the  general  deacription  of  the  cb 
of  the  sarcomata,  that  if  they  arise  from  a  |»rt  containing 
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Pio.  1S&.— OiLU  moM  A  Liro- 
MATOtia  BaKOoiia  (x460  Diaim. 
— Carmioe  uid  Peroi inio  Acid.) 


tissue,  the  latter  tends  to  disappear  wherever  the  tumour  grows.  The 
fat  cells  are  evidently  conveited  into  those  of  the  sarcomatous  growth, 
and  in  doing  so,  lose  their  fat-forming  pro- 
perties. 

Itocca«ionally  h:ipperis,  however,  that  thefat- 
forming  tendencies  of  the  cells  of  the  tumour 
reassert  themselves,  so  that  their  protojjlasra 
becomes  loaded  with  oil  globules.  The  condi- 
tion is  not  a  fatty  degeneration,  but  an  infiltra- 
tion like  that  of  a  fatty  liver.  The  name  "lipo- 
matous  sarcoma  "  is  given  to  such  a  growth. 

In  outward  appearance  it  presents  no  feature  different  from  that  of 
a  round-cell  sarcoma,  but  when  examined  microscopically,  the  infiltra- 
tion of  the  cells  of  the  tumour  with  oil  becomes  apparent.  It  is  almost 
always  situated  in  the  subcutaneous  areolar  tissue. 

Pirparatioit. — Harden  in  "  A  "  ;  stain  in  perosmic  acid,  followed  by 
picro  lithium-carmine  ;  mount  in  Farrants'. 

PSA3BI0MA  (^d/i/»o«,  sand). 

289.  This  should  not  bp  placed  among  the  sarcomata,  as  undoubtedly 
it  does  not  Iwlong  to  them.    For  want  of  a  better  means  of  classifying 


Fio.  13A.— FtAMMOHA  mou  Choroid  PLSxca  (xSOO  Diaju.) 
(il)  Bimnchlng  tcshIi  with  the  eall-ndt-lllu  bodiM  upon  th«n ;  (B)  e«U  nerti  — vin«.^ 
(Picro-Cumiiia.) 

it  the  author  has  included  it  among  the  sarcoma -like  tumours.  It 
is  a  tumour  of  varying  size  found  growing  from  the  choroid  plexus, 
the  ventricles  of  the  brain,  the  arachnoid,  and  dura  or  pia  mater, 
whose  special  characteristic  is  that  it  contains  sand-like  concretions. 
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The  tumour  is  made  tip  of  a  series  of  endothelium-like  cell  neito 
aiTang«(l  round  blood-ve&sels,  which  in  course  of  time  hocome  infiltr»t«d 
with  calcareous  salts.  It  ia  called  an  "  angcio-lithic  sarcoma  "  by  Condi 
and  Uanvier  on  account  of  its  connection  with  the  blood-veaula. 

Prtforation. — As  for  sarcomatA  generally. 


DKGKNERATIOire   OF  THE  SARCOMATA. 

390.  (1)  Fatty. — They  are  all  liable  to  this,  as  may  be  easily 
under3too<l  from  the  large  bulk  of  tissue  which  has  to  be  nourished — 
often  by  :i  comparatively  scanty  supply  of  bloo<l. 

(2)  Calcareous. — Thi.s  sometimes  follows  upon  the  fatty. 

(3)  Ulcerative. — When  the  tumour  comes  to  the  surface,  the  aldn 
is  apt  to  give  way,  and  the  tumour  begins  to  ulcerate  and  granulate. 
Lai^e  fungating  masses  are  thus  constituted,  aa  the  vessels,  so  80<n  as 
they  are  liberated  from  the  pressure  exerted  upon  them  by  the  aldii, 
swell  out  into  granulation  loops. 

(4)  Fibrous. — This  can  hardly  be  called  a  degeneration,  and  it  is 
to  be  regretted  that  it  does  not  occur  oftener  than  it  does.  Were  th* 
tumour  converted  into  an  inert  mass  of  fibrous  ti.<«ue,  little  furtlMr 
trouble  would  be  experienced  from  it.  It  is  not  known  as  yet  what 
pravcnts  this  taking  place. 
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THE  NEW  FORMATIONS  AND  TUMOURS— (CwjIvwKd) 
Mesoblastic  Tumours — Group  II 


THE  SIMPLE  mSTIOID  NEOPLASMATA 

291.  Thkse  all  originat«,  like  the  sarcomata,  from  a  derivative  of 
the  mesoblasL  They  differ  from  tho  sarcomiita  in  so  far  as  thoy  are 
constituted  of  fully  developed  connective  tissue,  such  as  fibrous  tissue, 
bone,  cartilage,  etc, ;  and  also  in  the  fact  that,  generally  speaking,  they 

non-malignant 

Definition. — A  duss  of  tumours  springing  from  a  mesoblaslic  deriva- 
twe,  and  comiiiing  of  imues  resembling  the  fully  formed  simple  iissuet  of 
the  body. 

Fibrous  Tumour  {Fibroma). 

292.   Definition. — A  tumour  composed  of  white  fibrous  tiime. 

So  far  as  is  known,  yellow  clastic  tissue  never  forms  a  neoplasm,  nor 
does  it  appear  to  be  reproduced  in  the  majority  of  pathological  new 
growths  such  a-s  ciwitricos,  or  the  new  tissue  of  cirrhotic  organs.  Elastic 
fibres  may  be  dragged  into  a  cicatrix,  but  do  not  seem  to  arise  initde  novo. 

Sites — It  can  be  said  that  these,  like  the  sarcomata,  may  grow 
wherever  fibrous  tissue  exists.  The  commonest  sites,  however,  are  in 
tough,  dense,  fibrous  tissues,  such  as  tho  derma  of  the  skin,  sheaths  of 
tendons,  fasciie,  mucous  membranes,  etc. 

Description. — They  have  a  sharp  bortler,  and  can  I>e  dissected 
out  of  the  jmrt  in  which  they  are  located.  They  are  hard,  dense,  and 
leather-like  as  a  rule,  but  when  they  grow  from  a  mucous  membrane, 
they  frequentl}'  become  oedematous,  which  gives  them  a  soft  velvety 
consistence.  On  section,  the  exposed  surface  shows  a  number  of  filtrous 
bands  interlacing  in  all  directions  without  any  definite  amtngement. 
They  have  a  gray  or  pinkish  colour,  and,  in  growing,  push  neighbouring 
parts  aside,  so  that  the  latter  come  to  form  a  spurious  capsule  for  the 
growth. 

Microscopically,   thoy  are   made   up   of   wavy   bundles   of    white 
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fibrous  tisffiie  interlacing  in  all  directions,  and  specially  suiroundiiig 
blood-vessels.  On  each  bundle  lies  an  oval  or  fusiform  connectire 
tissue  nucleus,  as  on  any  other  fibrous  tissue.  The  younger  or  growii^ 
partfi  of  the  turaoiu*  usually  show  a  vast  number  of  young  connectiTO- 
tissue  cells  of  round  or  oval  shape.  When  such  is  the  case,  the  ttimonr 
is  sometimes  willed  ''iibro-cellular ;"  the  cells  representing  tho  young 
material  from  which  the  fibres  are  secreted.  They  all  tend  to  form 
fibroua  tissue,  and  hence  are  not  sarcomatous. 

Malig^nancy. — -As  a  rule,  fibrous  tumours,  especially  if  they  have 
reached  maturity,  are  benign  growths.     It  must  lie  remembered,  how- 
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erer,  that  when  young  they  are  very  closely  related  to  the  Mreonftta, 
and  will  certainly  recur  if  only  partially  excised. 

Degenerations. — These  »re  chiefly  the  myxomatous,  angeio- 
matouii,  and  cedomatous.  In  the  myxomatous,  the  fibres  of  tho  tamoor 
become  t>cautifully  dissected  out,  and  show  &  delicate  wavy  outline. 
In  tho  angcioniJttous,  the  blood-vessels  are  much  dilated,  and  tbdr 
areolar  coate  being  connected  with  the  rigid  fibrous  tisaue  of  th* 
tumoiu*,  it  is  with  great  difficulty  that  they  contract  when  wounded ; 
hence  Uie  haemorrhage  is  sometimes  excessive.  Fibrous  tumoora 
which  grow  from  mucous  membranes  into  a  cavity  such  as  that  of 
the  iiarea,  are  always  liable  to  become  oedematous.  They  then  con- 
stitute what  are  known  as  mucous  pol^-pi. 

Pnparation, — Harden  in  "  A  " ;  stain  in  logwood  followed  by  aodn, 
or  in  perocmic  acid  followed  by  picro-carmine ;  mount  in  Farranta'. 
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293.  Fibrous  Neuroma. — The  tnio  neuroma  is  described  under 
the  "Compound  Histioid  Tumours."  Small  fibrous  tumouj's  are,  how- 
ever, occasionally  found  on  the  trunks  of  nerves  and  around  nerve 
terminations  in  stumps.  They  are  mcro  fibrous  masses,  sometimes 
encircling  the  bundles  of  nerve  fibres,  at  other  times  simply  lying  upon 
them.  Thoy  give  rise  to  great  pain,  especially  when  they  grow  to  any 
sue  in  a  stump. 

Preparation. — Harden  in  "  A ";  stiiin  iu  porosmic  acid  and  in  picro- 
lithium  carmine  ;  momit  in  Farrants'  solution. 

294.  MoUuscum  Fibrosum  (molluscui,  soft). — This  is  also  a 
fibrous  growth,  one  peculiarity  being  the  fineness  of  the  fibrous  tissue 
composing  the  tumour.     The  tumours  are  pendulous  polypus-shaped 
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bodies  growing  from  the  skin,  and  are  usually  multiple.     They  are 
sometimes  diffusely  scattered  as  a  skin  eruption. 
Prqiaratioru — As  for  fibrous  tumour. 

The  Fatty  Tumouk  {Lipoma^  AiWos, /li/). 

295.  Definition. — A  localised  hypertrophy  qffai  tissue. 

Sites. — They  are  most  common  in  the  subcutaneous  fat  tissue, 
especially  on  parts  which  are  pressed  upon,  such  as  the  buttocks  or 
shoulders.  They  are  rarer  in  inteinal  jKirta,  but  are  sometimea  found 
in  localities  such  as  the  iJeritorieum,  pleui-a,  and  heart.  They  also 
sometimes  grow  from  synovial  membranes  in  the  form  of  bunches 
of  villus-like  processes  which  project  into  the  joint  The  tumour  in 
this  case  actually  arises  from  the  synovial  fringes  of  the  subepithelial 
fibrous  tissue.  The  so-called  lipoma  of  thi  nose,  a  large  pendulous 
mass,  is  in  reality  a  fibrous  growth — a  localised  elephantiasis. 
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Description. — Thoy  consist  of  lobiikted  masses  of  fat  tiscae 
with  a  sharp  border,  and  are  to  a  certain  extent  encapsuled  within  Lb« 
surrounding  parts.  They  am  frequently  be  dragged  out  entire  from 
the  cajMule  in  which  they  lie.  When  examined  microscopically,  the 
fibrous  tissue  within  thera  is  usually  more  ubiuulant  than  in  adif 
tissue,  but  otherwise  they  present  no  marked  divergence  from  the' 
structure  of  ordinary  fat, 

Malig'nancy. — As  a  rule  they  are  quite  benign,  hut  cases  hare 
been  recorded  (Spence)  in  which  they  have  assumed  a  malignant 
character  probably  from  becoming  sarcomatuuK 

Preparaiion. — Harden  in  "A" ;  stain  lightly  in  perosraic  acid,  followed 
by  picro-carmine  ;  mount  in  Famuits'.    The  fat  may  l>e  i>art)y  diasolvedj 
out  in  a  mixture  of  equal  ]iarts  absolute  alcohol  and  ether. 

Cartilaginous  Tumoitrs  (ChondrmtMla,  xovBpw,  cartilage). 

296.  Definition. — Masses  of  new  tisme  eoa^oaad  either  of  hi/aiine  or 

whitf  fibro-carWage. 

The  Hyaline  Cartilaginous  Tumour.  Sites. — This  is  asuallj 
met  with  growing  from  hone,  not  from  caitilago,  and  the  favourite 
sites  are  prominences  of  l>one,  such  a.4  the  acromion  or  comcoid  pro- 
cesses, the  on<l8  of  the  chivicic,  and  the  hones  of  the  fingers  and  toes. 

Description. — They  are  roundctl  lobulated  tumours  of  very  dense 
consistence  which  often  appear  to  be  encapsuled,  from  haying  oom- 
pressed  neigbV>ounng  ports.  Tendons  are  frequently  displaced  in 
this  way,  and  become  8trctcho<l  over  the  surface  of  the  tumoor. 
When  cut  into,  they  have  the  [>early  bluish -pink  aspect  of  fresh 
cartilage. 

Mieroaeopicalltf  thoy  are  soon  to  be  composed  not  of  a  uniform  dense 
cartilaginous  mass,  but  of  islands  of  cartilage  surrounded  by  fibroo* 
septa.  The  islands  are  usually  not  larger  than  a  line  to  a  Une  and  • 
half  in  diameter,  and  arc  rounded  in  shajx!.  The  blood-vessels  for  the 
noiunshment  of  the  tumour  run  within  the  fibrous  iwipta,  but  the  carti- 
lage masses  themselves  are  devoid  of  vessels.  The  cartilage  matrix  is 
hyaline  unless  where  it  abuts  upon  the  fibrous  septa.  Hero  it  usually 
has  a  more  or  less  fibrous  character.  Within  the  matrix  are  the 
laatna  containing  the  cartilage  cells.  These  are  very  much  like  thi> 
laeuna  found  in  healthy  cartilage,  and  are  either  rounded  or  oral  in 
shape.  Numbers  of  concentric  markings  are  seen  in  the  matrix  round 
about  them,  proVtably  due  to  an  oblique  section  of  the  laminie  of  which 
it  consists  (Thin).  The  interior  of  the  lacuna  is  lined  by  a  membnMW* 
like  structure,  and  after  death  the  cell  usually  shrinks  so  as  U>  fill 
perhaps  only  a  third  or  a  half  of  the  space.  The  cartilage  cell  is  a 
little  mass  of  proi4:)plasm  of  irregular  shape,  not  infreqnentlj  conUin- 
ing  oil  globules. 

The  laeunsD  of  the  matrix  are  oecasionally  bninchod  m  at  to  < 
the  appearance  of  a  Mries  of  steUate  spaces  with  the  cartilage  oeO  lying 
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ill  their  centre.  They  hare  Bometimes  been  regarded  as  "  branched 
cells."  They  resemble  the  lymph  spaces  found  in  the  come&.  In 
certain  chon(lrom.it!i  they  are  more  abundant  than  in  others. 

Fibro-Chondromata.     Siks. — These   occur   more   ptirticularly 
in  the  capsules  of  joints  and  in  the  ligamentous  structures  adjaoenti 
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to  the  parotid  gland.    The  btter  is  perhaps  the  commonest  site,  and  the 
tumour  as  it  enlarges  grows  into  tho  (larotid  gland  and  becomes  boondl 
up  with  tho  gland  substance.     It  often  roaches  tho  size  of  a  hen's  eg 
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Description. — They  are  not  so  sharply  circumscribed  aa  thoae  of 
the  hyaline  variety.    They  have  more  elasticity  than  fibrous  tissue,  are 
not  so  dense  as  a  hyaline  chondroma,  and  on  section,  the  lustre  is  noi . 
so  pearly  as  that  of  the  hyaline,  although  it  is  more  so  than  that  ol  %j 
fibrous  tumour. 

crotoopioalhf,  the  tumour  is  not  subdivided  into  islaads  of  rrtflft^ 
like  the  foregoing,  but  is  a  uniform  mass  composed  of  white  fihrrv 


CHAP,  ixv         THE  SIMPLE  mSTIOID  NEOPLAUM ATA  387 

cartilage.  The  matrix  consists  of  white,  faintly  fibrous,  tissue,  and 
embedded  in  it  are  the  CArtilago  cells.  In  those  removed  from  the 
parotid,  it  may  hap]>en  that  pieces  of  hyaline  cartilage  are  here  and 
there  to  be  found  in  the  other'W'ise  fibro-cartilaginoua  mass.  The  cells 
frequently  conUiin  oil  globules. 

Tumour  composed  of  Embryonic  Cartilage. — Young  carti- 
laginous tumoiu-s  are  frequently  composed  of  a  tissue  identical  with 
the  eellviar  cariilagi  of  the  embryo,  and,  when  in  this  condition,  closely 
resemble  sarcomata  in  their  microscopic  featiu'es.     It  will  genenilly 

,  bo  found,  however,  that  the  true  nature  of  the  tumour  betrays  itself, 

'in  some  part,  l»y  the  hyaline  chamcter  of  the  matrix. 

Malignancy  of  Chondromata. — As  a  nile,  it  may  l)e  siiid  that 
where  the  tumour  has  become  stable — that  is  to  say,  has  rciiched  a 
resting  state — it  is  non-malignant.  When  they  arc  young  and  growing, 
however,  they  may  recur  locally  if  any  small  portion  of  the  tumour  is 
left,  or,  it  is  even  said,  they  may  form  secondary  turaoura  in  distant 
organs,  such  as  the  lung. 

Degenerations. — These  are  chiefly  (1)  the  myxomatous  ;  (2)  the 
calcarcfMis ;  (3)  osseous.  The  fibro-chondroma  of  the  parotid  is  very 
frequently  myxomatous,  and  shows  the  peculiarly  chai"actoristic  gela- 
tinous surface  when  cut  into.     The  chondroma  which  grows  from  the 

^end  of  tlvo  femur  has  a  great  tendency  to  ossify  {Ecchondrosis  ossifi- 

ftans — Virchow}. 

Preparation. — All  chondromata  may  be  hardened  in  "  A  "  ;  stained 
in  perosmic  acid,  Condy's  Huid,  or  htematoxylene  followed  by  carmine ; 
and  mounted  in  Farrants', 

Tumours  of  Bonb  (Osteomata — orrfov,  a  bone). 

297.  Definition. — A  tumour-like  mass  of  bone  developed  by  a  process 
of  ffrowlh  without  the  occurrence  of  inflammaiion. 

Thoy  were  formerly  known  as  exostoses,  Virchow  (No.  35)  divides 
them  into  three  cla.sses : 

(1)  Osteoma  dunim  or  ehumeum. — The  ivory-like  exostosis. 

This  is  found  chiefly  on  the  vault  of  the  skull  or  growing  from  the 
wall  of  the  external  auditory  meittus,  into  the  frontal  sinuses,  or  into 
the  brain.  That  on  the  outside  of  the  slndl  is  the  most  characteristic. 
It  is  round  in  shape,  and  alwut  the  size  of  a  hazel  nut  or  large  p«a; 
it  is  usually  sessile,  but  peduncidated  tumoiu"s  of  this  kind  are  also 
met  with.  It  is  composed  of  laminfu  of  dense  bone,  beneath  which  a 
cancellous  tissue  like  the  diploiJ  is  sometimes  found  (Paget). 

(2)  Osteoma  spongiosum. — This  usually  takes  origin  from  the 
epiphyses  of  bone,  more  ospociaily  long  bones,  such  as  the  femur,  tibia, 
fibula,  and  humerus.  The  author  has  seen  a  case  under  the  care  of  Mr. 
Joseph  Bell,  where  almost  every  bono  in  the  body  had  one  or  more  of 
these  outgrowths  attached  to  it.  It  appears  to  originate  in  ci^rtilago, 
which  subsequently  becomes  ossified.    A  capsule  of  cartilage  is  usually 
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left  outside,  which  goes  on  growing,  while  the  interior  is  converted  into 
bone.  The  bone  presents  a  cancellous  texture  like  that  of  an  ordinuy 
Bpongj'  lK)ne.  It  is  usually  a  rounded  mass  vrith  a  pedicle  vhicfa 
binds  it  to  the  |Kirt  from  which  it  grows,  but  sometimes  the  taootm 
are  sharply  acuminated  with  a  broad  sessile  attachment. 

(3)  The  Osteoma  MytlmUs  is  simply  a  variety  of  the  foregoing  in 
which  the  cancellous  spaces  become  filled  wth  miurow. 

Osteomata  sometimes  grow  from  ports  other  than  bone  or  cartila^ 
Ruch  as  fasciffi  and  tendons.  They  constitute  irregularly  qneokr 
masses  moulded  into  their  particular  form  by  the  interfibroos  ■paew 
into  which  they  project.  Such  are  the  "  drill "  l)oncs  of  the  deltoid 
region. 

Maligfnancy. — The  osteomata,  as  a  rule,  do  not  tend  to  red 
when  remove<l. 

Preparalim. — Hjirden  in  "C";  decalcify;  stain  in  picro-litliiiim  a 
mine  ;  mount  in  Famints'. 

Odontomata  (<'.5oi^,  a  tooth). 

298.  These  are  tumours  composed  of  a  tissue  like  tooth,  and  bkW^ 
been  occasionally  foimd  growing  fivm  a  tooth.     They  are  true  ivory 
outgrowths  consisting  of  a  mass  of  dentine. 

Ttncoims  of  Muscle,  Myomata  (/xvs,  a  imuele). 

299.  They  arc  chiefly  composed  of  non-8triute<l  muscular  tisffU^ 
but  a  rare  congenital  tumour  also  occurs  in  which  the  fibres  «re 
striated. 

The  Nonstriated  Myoma  (Leiomyoma).  Sites. — It  occurs 
chiefly  in  part«  where  muscular  tissue  is  naturally  present  u  the 
uterus  or  gustro -intestinal  canal,  and  sometimes  in  Uie  proitate  Ok 
old  |)eoplc. 

The  Uterine  Leiomyomata  may  be  cither  multiple  or  stn^et. 
geiieniUy  the  former.  Thoy  are  bard,  elastic,  roiuideU,  or  kidnoy- 
sha|K<d  nui-sses,  and  the  cut  surface  has  a  fasciculated  appeanuice»  MHB^ 
times,  without  definite  arrangement,  at  others,  concentrically  twisted  to  \ 
<u  to  resemble  the  section  of  a  bail  of  cottoa  Where  a  bunch  of  Umbk 
exists,  some  of  the  individual  members  may  somotimM  \m  madmUd  , 
from  the  basis  in  which  they  lie. 

In  relation  to  the  uterus  they  occupy  usually  one  of  throe  sii 
sometimes,  they  may  be  present  in  all  three.  (1)  They  may  be  en 
in  the  wall  of  the  organ  without  projecting  much  cither  inwank  cr 
outwards.  (2)  Thoy  nwy  grow  into  the  uterine  cavity,  and  wfa«o 
pedieulatod  go  clinically  by  the  name  of  jilrrou*  polypi.  (3)  They 
may  grow  into  the  abdominal  cavity,  carrying  witJi  them  a  layer  ti 
'peritoneum.  In  the  last  situation  the  ixxliclc  usiiuliy  lieoomM  BDUd 
dimwn-oat  and  elongated,  so  that  tho  tumour  utay  lie  at  some  diftaa 
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from  the  uterus  in  which  it  originated.  It  is  sometimes  shaped 
like  an  ovary,  and  may  he  mistaken  under  such  circumstiinces  for  a 
tumour  of  that  organ.  Many  of  the  myomata  which  are  said  to  grow 
from  the  ovary  ai-e  in  reality  ot  Uterine  origin. 

Mkruscopicallij,  they  are  mainly  constitiit-ed  of  a  mass  of  unstriated 
muscular  tissue.  The  spindles  of  which  the  fibres  consist  are  attenu- 
atofl  liodios,  and  arc  closely  plaited  together  and  adherent  by  what 
seems  to  ho  a  little  cementing  material.  They  have  an  elongated 
rod-shapc'l  nucleus  which  stains  brightly  with  carmine  and  log^vood. 
It  should  be  noted  that  the  spindles  of  this  tumoiu*  are  to  be  dis- 
tingJiishcd  from  those  of  a  spitidlo-cell  sarcoma  by  their  delicacy,  and 
also  by  the  fact  that  the  nucleus  is  rod-shajicd,  not  oval.     Between 


Fin.  143.— Myoma  or  the  Ctervs  (x3£0  Diahs.) 
(a)  Bunillei  of  unatrlated  muacuUr  fibre* :  (b)  hjaliuc  matrix  with  limuclieii  ipaeei  or  eclli;  (c) 
mUKuUr  nbra  cot  mcrois ;  (li)  b  blond-x'cuel  (CannlDc  aud  tclaci>l  Ketlc  aclU). 


the  musculiLr  fibres  is  an  almost  mucoid-looking  connective  tissue  which 
serves  to  bind  the  bundles  together.  It  possesses  a  clear  matrix, 
in  which  are  a  number  of  branching  stellate  cells. 

Blood-vessels  are  often  abundant  and  sometimes  so  dilated  that 
when  the  tumoiu-  is  wounded  it  may  bleed  profusely.  Like  those  in 
the  fibroiLS  tumoiu",  they  are  intimately  bound  to  the  suVistance  of  the 
groirth,  so  that  unless  the  tumour  tissue  contracts,  they  can  with  diffi- 
culty clo.se.  The  beneficial  effects  of  ergotin  in  the  treatment  of 
hiBmorrhage  from  these  tumours  is  prolwbly  to  be  explained  by  its 
causing  contraction  of  the  muscular  mass. 

Degenerations. — (1)  Calcareous,  forming  "  wombstonea."  (2)  Fatty 
is  not  uncommon  in  those  which  project  into  the  uterine  cavity. 
\Miou  this  occurs,  huge  miisses  of  the  tiuuoiu'  may  slough  off  and 
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be  discharged  per  vaginam.     (3)  Blood-angeiomutous.     (4)  LympbAO-  < 
geiomatous  degeneration  may  cause  the  presence  of  numbers  of  cjiU 
like  hodica  throtighout  the  substance  of  the  tumour. 

The  intestinal  leiomyomata  are  usually  multiple.     The  whol»| 
alimBnt;iry  canal   may  be   the   subject  of  them.     They  amally   form 
almoiid-tiko  ewellings  situated  in  the  muscular  cnttt,   or  thoy  may 
project  as  pol}'pi  into  the  amal. 

Preparation. — Considerable  care  is  necessary  to  bring  out  the  stnie- 
turo  of  the  unstriatcd  myoma.  A  young  tumour  shoidd  be  choiwn,  m 
the  nuclei  are  always  better  seen  in  this  than  in  those  which  aru  older. 
Harden  in  "A";  stain  the  section  deeply  in  ammoniacal  solutiou  of 
carmine  ;  wash  in  water,  or  in  M'ater  slightly  acidulated  with  aoetiftJ 
acid,  and  treat  the  section  with  glacial  acetic  acid  on  the  slide  until  it 
swells  and  becomes  transparent  Remove  the  acetic  acid  round  aliout 
the  preparation ;  mount  in  glycerine  jelly,  and  squeeze  down  the 
cover-glass  forcibly  with  the  handle  of  a  needle. 

The   Striated   Myoma  (Rhabdomyoma. — Zenker). — Tumotui  | 
cotitaining  stri:ite<l   inu.scular  fibre  ha^'u    been   described   by   EbortJi 
(No.  13,  Iv.  p.  518),  Marchand   (No.   13,  Ixxiii.   p.   289),  Cohnheim 
(No.    13,   Ixv.  p.   64),  and   others.      They  usually  grow  in  connec- 
tion   with    the    kidney,    sometimes    in    the    testis,    and    are    always  I 
congenital.     They  are  very  much  rarer  than  the  foregoing  variety. 

They  ap])ejir  to  Ijear  out  the  character  of  myosarcomata,  i\&  tha  j 
tumour  is  mainly  composed  of  spindle  cell  tissue,  some  of  the  celhj 
of  which  show  the  transverse  striation  of  muscular  fibre.     They  hsv«, 
moreover,  an  oval  nucleus. 

Prrparation. — Hanlen  in  *'  A,"  and  stain  in  haematoxylene ;  mount 
in  Farrantu'  solution. 


PAINFirL  Sl-BCirTANEOUS  TUBKKCLK  (Wood). 

300.  This  is  a  little  tumour  found  in  the  subcutaneous  fat  tisR 
and  ita  {peculiar  feature  is  that  when  touched,  even  lightly,  pain  of  i 
a^nising  character  is  experienced.  It  is  commonly  located  on  th« 
oxtremities,  and  occurs  more  frequently  in  females  than  males  (23  ta< 
5,  Paget).  It  is  seldom  larger  than  a  horse  lioan  or  poa,  and  is  sharply 
oireumscri1»ed.  The  skin  muy  )«o  adherent  to  the  surface,  and  when  so^ 
haa  a  polished  glossy  appearance.  On  section  the  tumour  is  delicately 
fibrous,  the  fibres  being  at  times  concentrically  arranged ;  and  the 
remains  of  an  old  blood-extravasation,  in  the  form  of  pigment  crystals, 
it  oooaaionally  soon  in  its  midst  A  trunk  of  a  cutaneous  nerve  nay 
■OBwtfanes  be  found  closely  a<]hcrent  to  the  tumour.  A  sweat  gland  it' 
occasionally  involve<l  in  it  (Hoggan), 

Thoy  apiHair  u>  result  not  infre(]uently  from  injury  to  the  pnrL  It 
soems  as  if  an  cfiuaion  of  blood  took  place  as  a  result  of  the  injury, 
which,  in  course  of  time,  became  oncapsided  by  fibrous  tissue,  thus 
eonatituting  the  tumour.     There  is  little  doubt,  however,  that  tboj 
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may  originate  in  several  ways,  the  main  point,  and  the  peculiarity  of 
the  tumour,  being  that  it  forms  an  attachment  to  a  cutaneous  nerve. 

Preparation. — Harden  in  "A";  stain  in  perosmic  acid;  mount  in 
Farrants'. 

Literature  on  Simple  Hittioid  Tumour$. — Consnlt  literature  of  Tarions  organs,  and : — 
Folck :  Beitrag.  z.  Lebre  n.  Casmstik  d.  Bindegewebsgeschwlilste  d.  Halses,  1887. 
Haumann :  Ueb.  Oelenklipom,  etc.,  1887.  Heerdingf :  Ueb.  d.  Fibrome  d.  Baach 
deckeD,  1887.  H^nocque  (Cbondroma) :  Diet.  EncycL  d.  Sc  mid.,  xzziT.  1887,  p.  401. 
Howitz :  Ueb.  Encbondrome,  etc,  1886.  Hutchinson  (Subperitoneal  Lipoma) :  Brit. 
Med.  Jonrn.,  1885,  ii.  p.  1066.  Mackenberg :  Ueb.  intermnscnliire  Lipome,  1887. 
Marchand  (Striated  Myoma) :  Arcb.  f.  patb.  Anat.,  C,  1885,  p.  42.  Meerbeek : 
Ueb.  multiple  Lipome,  1887.  Sutton  (Lipoma) :  Med.  Cbir.  Trans.  Load.,  Irviii.  1885, 
p.  293.  Treves  (Congenital  Cbondroma  of  Neck) :  Brit  Med.  Jonrn.,  1887,  IL  p.  098. 
Vidal  (Myoma) :  Jonrn.  Catan.  and  Yen.  Dis.,  N.  Y.,  iii  1886,  p.  260. 
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THE  NEW  FORMATIONS  AND  TUMOURS— (C!i»<»»iu«0 

Mesoblastic  aud  Epiblastic  Ttjmours 

THE   COMPOUND    HISTIOID   NEOPLASMATA 

301.  Definitioa — By  siuh  the  author  meant  to  gpecialite  tvmawn 

potfd  of  or  condruckd  upun  the.  type  ef  a 
compound  tittue'tUmenlt  sitfJt  as  a  blooi- 
vessel,  a  lymph^vessd,  or  a  nme  Inmk  m 
ganglion. 

Tumours  Composkd  of  Truk 
Nkrvk  TI88UK  (Neiironiata).* 

It  vraa  for  long  douhtod  wheiber 
titeiv  wiLs  such  u  ihirig  as  n  tamoar 
conifMwwl  of  Una  iienc  clemcnU.  TTw 
majority  of  noiiromata  (Sect  293)  are 
simply  tibroiis  tumours  lying  aJong 
the  course  of  a  norvo  or  attached  to 
the  nerre  tenninatiotis  in  a  Btomp. 
There  cannot  bo  any  doubt,  howover, 
tliat  true  ncuromutA  oro  ■omotimMi 
although  rarely,  found.*  • 

Sites.  —  7'liey  are  moat  oomaMM 
on  the  cnra,  eyelids,  and  aide  t4  the 
foce,  and  Schmidt  has  reoord«d  ona 
growing  from  the  int«rco«t«l  ncrTMi 
They  usually  have  a  varicoM  or  eb^ 
Boid  appcamnco  when  diKMvrtod  oat, 
and  can  be  rtsulily  fdt  in  thrir  rminS- 
They  grow  in  connection  with  the  truak  of 


ffo.  IM.— Poannaor  i  NmKnu  rBOM 
lUoHT  IC*k(llniiu^ 

ficationn  under  the  skin. 


*  Thii  tononr  tiiaf  eoaiM,  ftrictly  •jHiolclng,  of  spiblajittc  nHftn. 
'  Bern  OMM  noardmi  by  UrrrU  (No.  IS,  xliz.  p.  4351.  Brviu  (No.  IS,  L  |k  80|, 
MatcUnd  (No.  18.  lu.  ^  36),  Sduaidt  (No.  90,  U.  p.  106). 
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some  nerve,  siich  as  an  intercostal  branch,  and  are  only  moderately 
painful  on  pressure.     They  may  reach  the  size  of  a  hen's  egg. 

Structure. — Thoro  ia  in  all  of  them  a  basis  of  fibrous  tissue 
throuj^h  which  nin  bands  of  nerve  fibres,  some  of  them  completely 
medullat«d,  othera  only  partially  so.  Largo  ganglion  colls,  with 
characteristic  nucleus  and  nucleolus,  are  also  sometimes  found  em- 
bedded in  the  tumour  mass. 

The  nerve  fibre-s  are  supposed  to  be  developed  by  the  junction  of 
the  ends  of  long  spindles  in  continuous  rows. 


TiTMouiLS  Composed  of  Dilated  Vessels  (Angeiomata). 

Definition. — By  an  angtumia  is  meaiit  a  tumour  eompostd  of  dilated 

•h  {iyy uov,  a  iresael).     They  maij  be  derived  either  from  blood  or  lymph 

vessels.     The  former  are  hrumn  as  the  blood-angetomakt,  the  latter  as  the 


nph^ngeiomaia. 


The  Blood- Angeiomata. 


r 

V        302.  Two  varieties  of  these  tumours  are  met  with — 

■        (1)  Those  developed  from  a  simple  varicose  distension  of 

I    Capillaries  and  Veins  (Plexiform  or  Telangiectatic). 

I  Thev  are  the  comnionor  of  the  two,   and  constitute  the  class  of 

tumours  knoivn  as  na?vi  and  "mothers'  marks."     Their  favourite  sites 

are  the  skin  of  the  face  and  the  orbit. 

I  Characters. — They  are  flattened  or  slightly  pendulous  tumours 

lia\ing  a  l»lue,  pink,  or  puqjlo  colour.  They  can  sometimes  be 
emptied  of  their  blood,  sometimes  not  Thoy  essentially  consist  of 
extremely  dilated  and  varicose  blood-vessels,  between  which  is  an 
inconstant  (quantity  of  fibrous  tissue.  They  are  congenital,  whereas, 
there  is  good  reason  for  believing,  that  the  cavernous  angeionuita  are 
not.     The  difference  in  colour,  varying  from  a  pink  to  a  livid  tint, 

»  depends,  according  to  Billroth  (No.  33),  upon  whether  the  affected 
vessels  be  situated  superficially  or  deeply.  If  they  are  superficial,  the 
tumour  has  a  pink  colour,  if  deep,  it  has  more  or  loss  of  a  blue  tint. 

Depth  of  the.  DUntatifrn. — As  a  rule,  the  distended  vessels  do  not  pene- 
trate beyond  the  subcutaneous  celiular  tissue,  but  they  may  extend  into 
the  underljn'ng  muscles.  When  the  tumour  is  emptied  of  blood  it  is 
colourless.  The  vessels  are  amingod  in  small  lobules  from  the  size  of 
a  hemp  seed  to  that  of  a  p«a,  consisting  of  dilated  capillaries  arranged 
round  sweat  ducta,  sebaceous  glands,  or  hair  follicles  (Billroth). 

Preparaivm. — Harden  in  "A;"  stain  in  hjematoxylene  and  eosin 
spirit ;  clarify,  and  moimt  in  solution  of  gum  dammar. 

(2)  The  Cavernous  Angeiomata. — They  are  mainly  tumours 
of  the  liver,  but  similar  new  formations  are  occasionally  met  with  in 
the  spleen  and  kidney. 

Those  in  the  liver  are  frequently  multiple,  and  may  be  so  numerous 
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that  the  whole  liver  substance  is  beset  with  them.  They  have  «  imd 
colour  when  seen  projecting  on  the  surface,  with  a  sulcus  or  dcpnadoa 
at  the  margin.  In  size  they  vary  from  a  pea  to  a  filbert^  and  ara  mon 
numeroas  superficially  than  in  deeper  parts. 

When  cut  into,  they  very  much  resemble  a  blowl-clot,  but  a  ■treaa 
of  water  allowed  to  fall  upon  the  siu-face  docs  not  entirely  reoiov*  th* 
tumour.  It  wiwlies  out  the  blood,  but  le:ive8  the  tniljecular  network  ia 
the  form  of  a  fibrous  looking  residuum. 


M 


^ 


^ 


-'\. 


rr 


^^ 


^ 


Piu.  I  «&,-^UnaMai  Asanoii*,  Utb«  ( x«M  DuMh) 
(a)  Ll*er  Mill  St  mtfKtB  of  tka  taamr ;  (t)  blood  eonialiMd  b  th*  eatanooa  tfMi 
(r)  mil*  o(  Um  OTonoiu  iiiaeai  (CknnlBr). 

MicroscopiciUhj  they  are  found  to  be  composed  of  a  tiaae 
identical  with  that  of  the  corpus  cavomosom  penis,  i.<.  of  a  I 
network  of  fibrous  tissue,  enclosing  cavernous  Bjiaoes  whose  walls  tn 
lined  by  endothelium.  Through  these  spaces  the  blood  dreulatos  •• 
in  the  corpus  cavemosam.  There  is  often  a  little  spindlfr-cell  taaos  in 
the  walls,  evidently  unstriated  muscular  fibre.     Towards  tb>  <4 

the  tumour,  n  dense  ma&s  of  cicatricial  tissue  is  not  unfrequ.  ]^ 

foond,  ■omotimcs  with  a  little  concretion  in  it.     According  to  Vtrcbow 
and  Maier,  they  can  Iw  injected  from  all  three  veMols  of  the  livv; 

Prrpaniion. — As  in  the  telangiectatic. 
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Structure. — They  consist  of  a  series  of  branching,  ^'oricoee,  Bod 
dilateil  lymph-vessels  lined  by  endothelium,  which,  in  a  suction,  an 
usually  empty,  but  during  life  are  distended  with  lymph.  TboM  poilt 
the  noighlwuring  muscular  fibres  or  other  tissue  elements  asidt^ 
cause  them  to  atrophy.  In  the  macroglossia  or  lymphangeioma  of  I 
tongue,  the  author  has  found  lymph  -  adenoid  depoiitt  lying 
the  distended  lymph-vessels  in  great  abundance. 

Little  is  knov'n  of  their  causation.     The  theory  has  been  adif 

that  the  l}Tnph  scrotum  of  filarioua  disease  is  due  to  the  

worms  blocking  up  the  Ij-mph-channels  and  hence  preventing  the  frw 
flow  of  lymph  (see  Sect.  245). 

PreparcUion. — Harden  in  "A";  stain  in  hsmatoxylene ;  mount  in 
Farrants',  or  clarify,  and  mount  in  dammar  lac. 

Liternlurt  on  Compound  ^ittioid  Tumourt. — CotunJt  Ut  of  rariont  atfUt,  KuAt— 
Araozan  (Plexlfomi  Nenromn):  Jonni.  do  Mi'il.  ite  Bonlmnx,  zv.  18^(4,  p,  7t> 
Ben-Israel:  Ueb.  Lymphan^oma,  1885.  Chevinsky  (Cue  of  llaltipb  i 
in  Child  6  mos.  old) :  Arch,  de  lliysiol,,  tI  1 885,  )>.  .'>53.  Flemings  (Rztenrira  i 
of  Upp.  Extremity) :  Ql*«g.  Hed.  Joom.,  xxiy.  1886.  |>.  M.  I.«hiii«mi  (Mnltlfhr] 
omiU) :  Arch.  f.  path.  AnaL,  ci.  1885,  p.  203.  M'Bumey  (Cosm«aital  (IngMWi 
N.  Y.  Me.1.  Jonru..  xliiL  1885,  p.  655.  Middeldorpf  [ I  rrr  i  lit trirUM  Qmh 
noxnin):  Arvh.  f.  ktin.  Chir.,  xuL  1884,  p.  590.  Nauwerck  (OaptUaty  Aj^^rional : 
Arch.  f. jpnth.  Aii.at,  cxi.  1888,  p.  211.  Pieper :  Ueli.  LyiiipliatiKiectJUia  oolti  «gBffMtti> 
1887.  De  SchweinitE  {n/rnui  jivpnentwu*) :  Philn.  M<><1.  Timeis  x».  1884,  P.  141 
Sims  (Neurniiinta  c,f  AW.  WalU) :  N.  Y.  Med.  Joum.,  illiL  1888.  p.  829.  West- 
phalen  <M»lti['le  Fibrous  Nt'nromatA) :  Arch.  f.  p«th.  AtiaU,  ex.  1887,  p  99.  Yenis 
(Augeiomata  of  Bah  of  Tougite) :  Arch.  d.  Pbyilol.  uorm.  et  path.,  vtL  IdM^  ft,  iXt. 
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WARTS,  HORNS,  ADENOMAS,  CANCERS,  ETC. 

304.  Thk  whole  of  the  true  epithelia,  with,  perhaps,  the  exception  of 

■  that  of  the  kidney,  are  derivatives  either  of  the  epi-  or  hypoblast. 
H  That  of  the  epidermis,  the  central  ncuiul  canal,  and  the  mouth  are 
^bflpblastic,  while  the  hypoblast  forms  that  uf  the  gastro-intestinal  tract, 
^V  Wonchi,  bile  and  pancreatic  ducts. 

■  The  cancers  all  arise  from  epithelial  surfaces,  and,  hence,  if  a  part 

■  does  not  contain  epithelium,  it  may  practically  be  concluded  that  a 
I  fnmary  cancerous  tumoiu-  will   not  be  found  giowing  from  it.     A 
^t  aocondary  cancerous  tumour  m;iy  of  com-sc  form  in  almost  any  tissue. 
^f     305.  Epithelium  and  Endothelium. — It  will  be  well  to  settle 

what  these  two  tciTus  mean  before  proceeding  further.  A  distinction 
between  the  two,  founded  upon  their  histological  features,  has  been 
sometimes  attempted.     The  endothelia  are  said  to  be  flat  delicate  cells 

I  lining  cavities,  while  the  epithelia  are  usually  coarser,  and  cover 
exposed  surfaces.  This  definition  will  not  hold  good  for  certain 
epithelia,  such  as  that  covering  the  lung,  which  are  iis  delicate  as  an 
endothelium,  and  closely  resemble  it  in  other  structural  characters. 
The  only  distinction  that  can  be  made,  seems  to  be  based  upon 
their  origin.  All  the  epithelia,  wnth  the  single  exception  already 
referred  to,  are  of  epi-  or  hi^xihiasiic  origin,  while  all  the  endo- 
thelia arc  of  mesohlastic  origin.  This  is  the  essential  diSerence 
between  them,  and  it  matters  not  what  morphological  characters  they 

»  present.  Both  cover  free  siu^accs,  the  chief  of  those  covered  by 
cndoLheliuin  Iwitig  the  pleura,  peritoneum,  and  the  interior  of  blood- 
vessels and  lymphatics,  while  those  covered  by  epithelium  are  the 
akin  and  mucou.^  membiunes,  ducts  and  acini  of  glands,  etc.  The 
endothelia,  therefore,  are  of  the  connective  tissue  class  of  cells,  and  the 
nooplaamata  that  aiise  from  them  also  preserve  this  type. 
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Warts  (Vemicae,  Papillonmta). 

306.  Several  varieties  ure  met  with — 

(1)  F.  vulgtiris  (Neumann).     Small,  hard,  crescentic  or  oooi 
crescences,  arranged  in  grou]>s,  or  isolated,  and  occurring  chiaAjr  i 
the  hands,  feet,  face,  and  liars. 

('2)   y.  Jiliformis.     An  almost  thread-like  excrescence  unully  fo 
upon  the  eyelids. 


fio.  W^—OammM  Vakt  or  thi  Skis  < xM  Di&iol) 

(a)  Horny  apldcnaki ;  (t)  d«*p«  nor*  t/ntSaii.  pkit ;  (<)  fiteoaa  atnim*  of  tl 
(if)  blood- ritli  ranaHig  np  into  It  (Ptan.e>niiliiaX 


1^. 


I  fl«M  flf  (ht  wt!" 


(3)  V.  platui.     A  flat  and  distinctly   circumscribed  stnictiare  pro- 
jecting but  slightly  from  the  surface  of  the  skin. 

(4)  Condylomata  and  venereal  warU. 
Structure. — In  the  whole  of  the  warts,  the  t)7>e  of  Btructare  ic  1 

amo,  and  is  hasod  upon  that  of  a  papilla,  the  distinctive  featuni  1 

a  simplo  papilla  and  a  wart  being  essentially  one  of  d^groe.     Hm  puffl^ 
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ary  vessels  are  enlarged  and  dilated,  the  connective  tissue  around  these 
vessels  is  also  increased  in  quantity,  while  tho  epidermis  is  much  thickened. 

The  part  of  the  epidennis  which  becomes  chiefly  thickened  in 
actively  gromng  warts,  such  as  those  of  venereal  origin,  is  the  reto 
Malpighii.  In  old  warts,  on  the  contrary,  whose  jjeriod  of  active 
growth  is  over,  dense  layers  of  horny  epidermis  accunndate  on  the 
surface,  among  which  cell-nests  may  occasionally  be  found  like  those  of 
a  flat-celled  rancer.      8uch  old  warts  are  frerpiently  jiigmented. 

307.  Condylomata  and  Venereal  Warts  have  essentially 
the  same  structure,  only,  the  epithelium  is  much  more  aljundant  and 
more  actively  dividing.  Prickle  cells  are  beautifullj'  seen  in  some 
of  these.  Condtjl'imala  are  due  to  the  s^'philitic  poison,  and  grow 
on  parts  of  the  skin  which  are  moist,  such  as  the  genital  organs,  in 
the  axillte,  and  under  the  matnniJK.  They  are  either  Hat  or  slightly 
pointed,  usually  present  a  dry  surface,  and,  rarely,  are  covorotl  by 
cmsts.  Microscopically,  they  are  seen  to  be  composed  of  an  aggrega- 
tion of  a  multitude  of  small  pajjillomata. 

The  vetureal  warts  which  occur  on  the  glans  penis  or  other  parts 
exposed  to  the  discharge  from  a  gonorrhoea  or  a  soft  chancre,  have 
essentiully  the  same  structui'e,  l»ut  are  more  filiform  with  a  narrower 
base.  They  grow  in  bunches,  each  individual  member  of  which  contains 
a  stem  composed  of  a  blood-vessel  and  a  little  fibrous  tissue,  whde, 
around  this,  is  a  muss  of  germinating  and  highly  nucleated  epithelium. 

PreparatUm, — Harden  in  "  C  "  for  two  weeks,  and  subseiiuently  for 
one  week  in  "A";  stain  with  hiematoxylene,  or  with  perosmtc  acid 
and  picro-carmine  ;  mount  in  Farranta'. 


Cutaneous  Horns. 
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308.  These  may  well  be   classified  along  with   the   papillomata. 
They  are  in  reality  enormously  ex- 
aggerated warts  with  a  profusion  of 
dead  epidermis  on  the  surface. 

They  form  conical,  curved,  or 
spiral  epidermic  masses,  sometimes 
several  inches  in  length,  of  a  brown 
colour,  and  frequently  grooved  on 
the  siuiace. 

Mieroaeopically  they  consist  of  a 
tissue  like  homy  epidermis  or  nail, 
but  sometimes  there  is,  as  in  a 
papdloma,  a  central  axis  composed 
of  a  blood-vessel  mth  a  little  fibrous  '"  d«uw«>«iiia«<x60  diam*.) 
tissue  around  it.  ITie  epidermic  ^T  T  """""^  """P-^ent  of  the  ej-i- 
scales  of  which  they  are  composed, 

sometimes  have  a  concentric  arrangement  as  in  a  cell-nest  of  an  epi- 
thelioma, great  numbers  of  these  being  seen  on  transverse  section. 
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They  occur  chiefly  on  the  scalp,  forehead,  and  temples,  more  nnly, 
on  the  face  and  trunk.  The  author  has  seen  a  case  in  a  boy  where  th« 
whole  aldn  was  covered  with  them,  litiirally  from  the  crown  of  tiie  bflad 
to  the  sole  of  the  foot.     This  genenil  disease  is  known  aa  dennakkam^ 

PreparaHon. — Harden  in  "A";  stain  in  picro-lithium  cannine; 
in  Farraate'. 

Cancer  or  Carcinoma  and  Adenoma. 

309.  To  perceive  any  resemblance  to  a  crab  (L<at^,  cancer,  a  crah ; 
and  Gr.,  KapKivuifia,  a  malignant  ulcer  supposed  to  resemble  a  crab) 
in  a  cancerous  tumour,  would  require  a  pretty  ^nvid  imaginatiocL  It 
does  not  much  signify,  however,  what  the  term  originally  mcul, 
provided  that  we  have  a  clear  understanding  of  it«  import  at  the  prewdt 
da)'.  The  term  epUheiioma  is  to  bo  preferred  for  all  cancerous  tomom^ 
and  will  be  employed  in  the  present  work  in  this  wide  soiue,  «ad  ai 
synonymous  with  cancer. 

Definition  of  Cancer. — A  neopUum  formed  of  onjr  (mm  dkw 
fibrous  inter fpices  and  Ij/rnphatie  wtseb  are  infiltraUd  wUh  oetMf  pr^ 
iiferatmg  epithelial  eelU. 

The  sarcomata  were  formerly  included  among  the  cancera,  and  th^ 
round'celled  sarcoma  was  called  a  "  medullary  cancer."     Thew  are  ; 
of  course,  known  to  belong  to  a  distinct  group  of  mesoblastic  tan 

Many  varietaes  of  cancer  were  described  in  olden  times,  nub  as — 
hard,  soft,  epitheliid,  cancroid,  melanotic,  osteoid,  villous,  colloid, 
reticular,  chondroid,  hyaloid,  larinoid,  bunioid,  cncephaloid,  cum[wuod, 
mixed,  and  8U|)«rticial.  Such  8ubdi>'ision8  are  oselesa  and 
There  is  only  (me  thing  which  is  cancer,  namely,  a  tumour 
ing  to  the  above  definition.  It  is  immaterial  whether  it  be  hard^  soft, 
or  villous ;  these  are  minor  and  superficial  features  of  the  tumour. 

Naked -eye  Appearances  of  a  Primary  Cancerous 
Tumour. — (1)  As  a  rule  thuy  aie  luird  tumours.  So-cali«d  soft 
cancen  arc  frequently  cither  Ha^coulat;^  or  they  are  oanoos  wUek 
have  Bufifered  fatty  or  colloid  dogencnitiorL  Of  course  hard  end  mft 
are  relative  temu,  and  depend  for  their  interpretation  on  a  Keaenl 
understanding  as  to  what  a  hard  or  soft  object  in  morbid  anatomy  is, 

(2)  They  tend  to  iniiltnite  connective  tissues.  There  is  umally,  ■• 
in  the  cancer  of  the  mamma,  a  central  tumour  mass  from  which  pn- 
cessee  are  seen  radiating,  in  stellate  fauhion,  into  the  iiurrounding  part*. 

(3)  The  border  of  the  tumour  is,  as  a  rule,  not  sharply  circumscribed. 
It  is  difficult  to  say  where  the  tumour  ends  and  the  sound  tissue  eom- 
mencas.  The  connective  tissue  tumours,  on  the  other  hand,  all  have  a 
sharp  well-defined  margin.  They  can  bo  enucleated  from  the  taaaoe  ta 
which  they  lie,  while  a  primary  cancer  can  not. 

(4)  They  all  tend  t«  ulcerate. 

(5)  Cystic  formation  is  very  rare  tn  ghuidular  oaneerons 
from  the  fact  that  the  gland  acini  and  ducta  are  destroyed  in  : 
them. 
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(6)  The  tumour  is  generally  single. 

Naked  -  eye  Appearances  of  Secondary  Cancerous 
Tumours. — (1)  They  are  almost  always  multiple.  In  a  liver,  several 
hundreds  of  such  secondary  cancer  tumoiu^  may  occasionally  be  found. 

(2)  They  are  usually  characterised  by  a  sharply  circumscribed 
border.  The  tumour  grows  as  a  parasite  iti  the  part  upon  which  it 
is  engrafted.  It  stretches  and  pushes  aside  the  neighbouring  tissues, 
but  does  not  tend  to  infiltrate  thorn  in  the  same  manner  as  the  primary 
tumour  does,  and  hence  has  a  sharper  border. 

(3)  The  tumours  are  sometimes,  not  always,  softer  than  those  which 
are  primary. 

Structure  of  Cancerous  Tumours. — As  stated  in  the  defini- 
tion, a  cancerous  tumour  i.*  a  tissue  infiltrated  with  growing  epithelial 
cells.  The  kind  of  epithelium  found  in  the  tumoiu-  varies.  All 
cancers  spring  from  opitheh'al  surfaces,  and  the  kind  of  epitbolium 


Fta  l&O. — Canckr  or  the  Skik  (x8S0  Diamb.) 
(a)  Tha  «pitheli*l  rcUJ ;  (ti)  the  aUouu  eucloauig  Uiem  (UiLtnatuxylene). 

found  in  the  tumour  corrosponds  with  that  covering  the  surface  from 
which  it  has  arisen.  Hence  flat,  spheroidal,  or  columnar  epithelium 
may  be  found  in  the  meshes  of  the  growth.  The  old  notion  that  there 
was  a  special  cell  indicative  of  cancer  is  erroneous.  The  only  point 
which  is  tj'pical  about  the  colls  of  the  tumour  is  that  they  are 
always  epithelial ;  they  have  no  constant  morphological  features 
beyond  this.  The  true  diagnostic  sign  is  the  peculiar  manner  in 
which  these  epithelial  cells  penetrate  into  and  distend  the  meshes  of  a 
fibrous  tissue.  It  is  this  relationship  of  the  epithelial  cells  of  the 
tumour  to  the  stroma,  which  distinguishes  these  tumours,  wherever 
they  occur,  from  all  others. 

The  accompanying  figures  of  a  cancer  of  the  skin,  of  the  mamma, 
and  of  the  stomach  show  this  peculiar  alveolar  arrangement.  In  the 
three,  the  cells  are  not  of  the  same  form.  In  that  of  the  skin,  they  are 
either  large  flat  sriuames,  or  they  approach  in  form  the  cells  of  the 
rete  Malpighii ;  in  the  cancer  of  the  mamma,  they  resemble  the  small 
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spheroidal  or  cubical  celU  of  the  nutmmary  acini ;  while  in  Uwt  £rom 
the  stomach,  thoy  have  the  character  of  those  from  the  doerp  pu-t  of 
the  peptic  glanda.  In  all  three  caaes,  however,  these  cells  Im  in  a 
fibrous  alveolar  nicsh-work  in  the  manner  above  described. 


S^ 


Pio.  Itl.— (U>cxB  or  m  Mamiia. 
(a)  The  «pltliaUal  oalls ;  (t)  the  (trnma  (x 4M>  bixm.,  Plc!r»«analiM^ 


.b. 


Pio.  )tt.— Cuion  or  m  Stoiocil 
(a)  The  «plUwlkl  oetl* ;  (&)  th*  ttntna  (xIOO  DiAHa.,  OuttlMV 

Relation  of  the  Stroma  to  the  Cells. — It  will  be 
however,  that  the  cells  are  not  attached  to  the  stroma.  In 
alveolar  sarcoma  a  similar  stroma  runs  through  the  tumour,  but 
cells  which  lie  within  its  meshes  arise  from  it,  and  are  frequently  fo 
adhering  to  it.  They  are,  besides,  of  a  connective-tissue  type.  Sa«h 
is  not  the  case  in  the  cancers.  The  cells  here  penetrate  into  tlu 
stroma  as  foreign  bodies,  they  are  not  derived  from  it. 

The  smaller  the  mesh  of  the  stroma,  the  denser  the  tumour.  T%« 
cancer  of  the  mamma  is  among  the  hardest  of  cancan,  and  tha  miafcw 
in  it  are  often  so  fine  as  to  admit  only  a  single  row  of  c«lk. 
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The  Blood-vessels. — These  run  in  the  stroma ;  they  do  not 
peneti"ato  into  the  masses  of  cells  contained  within  its  meshes. 

310.  Mode  of  Origin  of  Cancers  in  Different  Parts. — It  is 
chiefly  to  "Waldeycr  that  wo  urc  indelited  for  what  we  know  of  the 
origin  of  caneera.  It  was  he  who  pointed  out  the  fact  that  they  all 
arise  from  epithelial  surfaces  (No.  13,  xU.  p.  470,  and  Iv.  p.  67). 

Let  us  take,  firstly,  one  of  the  most  topical  cancers,  for  the  pur- 
pose of  Ulustrution,  namely,  that  of  the  mamma  ;  it  is  indicative  of 
what  occurs  in  the  formation  of  all  glandular  cancers.  The  accom- 
panying drawings  (Figs.  153,  154,  and  155),  from  a  single  cancerous 
mamma,  will  serve  to  aid  the  destription ; — 

E/ample  No.  1.  Cancer  of  Mamma. — The  tiunour  generally 
arises  from  the  acini.  Fig.  153  rejiresents  several  normal  acini 
lined  by  their  polyhedral   epi-  _ 
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Fio.  Ili3.— I>STm<oniziiT  or 
Majuu. 


A  CkVixa  or  the 


theliiun.  When  u  cancer  is  about 
to  commence  growing,  the  epi- 
thelium within  the  acini  liegins 
to  prohferate  and  distends  them, 
as  represented  in  Fig.  154.  As 
yet,  however,  it  is  still  confined 
within  the  acini,  and  thus  keeps 
up  the  gland  character  of  the 
growth.  The  tumour  is  as  yet 
an  adenoma.  Not  only  does 
the  epitheliiun  distend  the  iicini, 
but,  within  these,  it  sometimes 
rearranges  itself  into  minor 
acinus-like  structures,  as  shown 
in  Fig.  1 64  (6,  (i).  Such  tumours 
consist  of  acini  distended  with 
epithelium   in  which  secondary  ■*«"'i'  "•»'«•>  ™y  ^  regarded  u  nonn«i  (xsoo 

.    '        ..1     .1  .1     !•  .  DiAics.)    They  art  often  Uoed  witb  ■  doubia  row 

acini,  with  the  epithelium  circu-      „,  poiyiedmi  or  rouBd«i  cpiihdui  c«iu. 
larly  arranged  and  with  a  distinct 

lumen  or  channel  in  the  centre  of  each,  are  present.  They  are  true  adeno- 
mata, and  sometimes  go  no  farther  than  this.  The  great  danger,  however, 
is  that  they  tend  to  pass  into  the  next  stage  and  to  form  cancers. 

The  epithelium  ha\nng  distended  the  acinus,  now  ruptures  through 
its  wall,  and  escapes  into  the  neighbouring  fibrous  stroma  (Fig.  155, 
h).  The  stroma  round  the  natural  acini  is  beset  with  lymph-spaces 
(Coyne),  which  communicate  with  neighbouring  net-works  of  lymphatics 
between  the  lobules.  Into  these  lymph  spaces  the  epithelium  finds  its 
way ;  it  infiltrates  them,  and  converts  them  into  the  alveolar  fibrous 
meshes  of  the  tumoiu*.  The  growing  cpitheHum  acting  like  a  foreign 
body,  also  apparently  irritates  the  stroma  and  causes  it  to  thicken  ;  and 
thus  the  dense  walls  of  the  alveoli  are  formed.  The  tumour  has  now 
become  a  cancer.  It  has  lost  its  homologous  character,  and  has  been 
converted  into  a  lieterologous  growth. 


404 


THE  NEW  FORMATIONS  AND  TUMOURS         fab  m 


ria.  164.— DmLoPMCrr  or  a  Cabckb  or  the  Kjjou.    tioavut  or  tu  Olavd 
Tu«  Acixi  Au  ut  tat  At>»OiMAloci  9r aoc  ( x  M  Dkwik.) 
(a)  Nomul  tclun*  ;  (b,  if)  idal  diiUndal  with  eplUicltiim  ;  (c)  •ammadlna 


FMl  in— !)■»— r— w  0*  A  OuKia  «»  tmi  ItAKaA     A  lar  or 
Aoon  tmam\m»  CkNccaon  (xUO  Oi*in.) 

<«)  Ab  ■towillniw  nnlUvg  «f  •■  Mlniu ;  (fc)  Uw  o<tU  o(  k  iliulUr  •»«Ula( 
ttakM  ««t,  aaJ  •»  landlac  Mm  Mn«iM<lla«  Utjisi*  ;  {t)  t«rt  wlilaii  k  euov 
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through  the  same  adenomatous  stage  a-s  in  the  canc«r  of  the  wi*t«tir»» 
The  large  pynimidal  epithelial  cells  which  naturally  line  the  acini 
begin  to  proliferate  with  inordinately  great  activity ;  and  the  acinus 
becomes  filled  with  them,  and  ultimately  distended.  The  cells 
lose  their  characteristic  shape  and  become  Bmaller.  In  course  of 
they  burst  into  the  stroma  and  infiltrate  its  meshes,  thus  constit 
a  cancer. 

Example  No,  3.    Cancer  of  the  Skin. — In  a  young  canc«r  of 
skin  the  first  noticeable  alteration  is,  that  the  cells  in  the  rete  Malpigb 
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Pia  138.— A  Cm.  Kwr  raoM  &  Cavcui  or  nu  Lir  (xMK)  Diajw.) 
(a)  Tb«  •tronia  of  Ui«  tlnoloi  In  wUcIi  Um  e«U  nMt  ii  eoatallMd ;  (ft)  MMll  fa 
ttt  pvlpbar^ :  <e)  prtekU  celU ;  (d)  ccmpmMd  iqnuiM*  ;  (t)  dagvaaimMd  oall*  !■  tki 
■teaeld  lad  picnHsumlne). 
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begin  to  proliferate  more  than  usual.     Large,  obtuso,  dab-ahapod 
pointed  ma&<»c8  of  new,  young,  and  growing  epidermis  are  projc 
downwards  into  the  subjacent  derma,  and  thenco  into  the  subeat 
tiasues.     The  condition  is  thus  identical  with  a  glandular  cwiee 
aa  that  just  described.     The  growing  epidermis  gets  into  the 
pUice.    Instead  of  covering  and  protecting  connective  tissue 
aa  it  ought  to  do,  it  pierces  into  them  and  distends  their  tnterfil 
■pacea.      Hanng  invaded  them,  it  continues  growing,  and  converts 
them  into  largo  alveolar  cavities.     In  the  centre  of  these 
epitholium  a  concentric  arrangemeDt  of  the  epithelium  ia 
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seen,  constituting  what  is  known  as  a  cell  nest.  At  other  times  the 
whole  alveolus  may  be  occupied  by  the  cell  nest.  The  property  of  in- 
filtrating a  neighbouring  fibrous  stroma  is,  therefore,  practically  the 
same  here  as  in  the  mamma,  the  only  point  of  difference  being  aa 
regards  the  character  of  the  cells. 

LUrratuTt  i>n  Adenoma. — ConaaU  literntura  of  various  organs,  anil  ; — Balzer  (Seha- 

Mtu  A.  of  Face) :  Arch.  il.  Pbyniol.  norm,  ot  pnth.,  vt.  1885,  p.  561.     Bock  (SchaoeoUB 

|QUn<ls) :  Arch.  f.  path.  Anat.,  Ixxxi.  1880,  p.  603.    Loeb  and  Arnold  (Pit\iiUry  Body) : 

lArch.  r.  patli.  Anat.,  Ivii.  1873,  p.  172.     WiUiglc  (Livi-r) :  Arch.  f.  path.  Anat..  Ji. 

1870,  p.  208. 

311.  Lsrmphatic  Infection. — The  cause  of  the  secondary  in- 
fection of  the  IjTnph  vessels,  which  so  rcjidity  occurs  in  cancers,  is 
evident  when  their  origin  is  understood.  The  Ij^mph  spaces  into  which 
the  epithelium  burrows,  are,  in  reality,  the  ntdicles  of  the  larger  lymph 
vessels,  and  hence  the  cells  of  the  tumour  which  are  contained  in 
them  are  directly  conveyed  to  the  l}Tnphatic  trunks  with  which  they 
are  in  comnuiniciition,  and  by  these  agiiin  to  the  lymphatic  glands. 

It  is  said  that  the  infection  of  the  lj7npbatics  does  not  occur  so  fre- 
quently in  the  siircomata  as  in  the  cancers.  This  may  he  accounted 
for  by  the  fact  that,  as  the  sarcoma  grows,  it  destroys  all  the  Ijinph 
spaces  in  its  neighbourhoo<l. 

Cysts  are  not  usual  in  cancers  of  tubular  glands,  and  the  reason  is 
apparent.  The  gland  structures,  by  whose  dilatation  the  cysts  would  be 
leonstituted,  are  destroyed,  and  hence  nothing  remains  in  the  tumour 
to  form  a  cyst. 

The  secondary  tumours  are  accounted  for  by  some  of  the  cells 
of  the  primary  tumour  having  been  carried  ifito  the  organ  by  the 
blood  or  lymph  channels.  As  might  be  expected,  the  variety  of 
epithelium  wnthin  them  is  identical  with  that  of  the  primary  tumour. 

312.  Malignancy  of  Cancers. — They  are  all  malignant;  but,  with 
the  exception  of  the  cancer  of  the  mamma,  are  probably  not»o  much  so 
as  the  sarcomata.  The  Jlat-cellod  cancer  of  the  skin  or  of  a  mucous 
membrane  is  an  easily-eradicated  tumour  if  treated  early  enough.  The 
cause  of  its  being  less  malignant  than  that  of  the  mamma  is  ])robably 
that  its  cells  are  larger,  and  consequently,  not  so  easily  transported. 

It  has  ofton  been  allegod  that  cancerous  growths  are  contagious.  Of  late, 
Scheuerlon  (for  refs.  see  bibliog. )  has  isolated  from  canc«rs  of  the  mamiua  a  bacillus 
which  he  asserts  is  the  active  agent  in  their  causation.  It  grows  readily  on  blood- 
(jarani,  ogsr,  and  gelatine,  slowest  upon  the  last ;  and  forms  a  red  deposit  on  potato. 
Its  spores  stain  only  by  the  Ehrlicli  method  in  use  for  the  tubercle  liacillus,  but  the 
bacillus  itself  stains  readily  vnongh  by  ordinary  meanB.  The  bacillus  is  from  0*15  ft. 
long  and  0'5  ii  broad  ;  while  the  spores  are  1-6  ^  long  and  0*8  >i  broad.  He  has 
injected  pure  cultures  into  the  mammary  glands  of  bitches,  with  the  effect  of  indnc- 
ing  a  hard  tumour  which,  he  states,  is  epithelial  in  its  nature. 

Koch  and  the  other  Berlin  bacteriologists  are  inclined  to  doubt  its  having  to  do 
with  cancer,  an>l  look  upon  the  morbid  condition  of  the  msroms  set  np  aa  being 
■imply  a  mastitis. 
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313.  Degenerations. — These  are  chiefly  (1)  the  fatty  and  ^2)  the 
colloid.     Cancers  of  the  alimentary  canal  are  specially  prone  to  beoota* 
colloid.      The  cells  degenerate  into  a  clear  homogeneous  jelly' Iik« 
substance,  while  the  stroma  is   left  dissected  out.     (3)  The  maeaid 
degeneration  is  much  rarer  in  cancers  than  in  tumours  of  the  connectire- 
tisJsue  type.     It  is  said  to  affect  the  stroma  of  the  tumour,  and  to  leare 
the  cells  uninjured.'      (4)  They  are  all  liable  to  ulctrate  and  mlK^ 
sequently  to  ffmiudate^   and  when  in   this  latter  condition,   xamj  htl 
mistaken  for  ordinary  fungating  ulcers.     They  prove  quit«  intract 
to  treatment,  however  ;  and  if  the  surface  of  the  granulations  be  lightly] 
scraped,  the  epithelial  character  of  the  cells  removed,  aa  well  as  t]ia| 
occasional  presence  of  cell  nests,  sufficiently  attest  the  nature  of 
growth.     The  granulations  in  such  cancerous  ulcers  are  long  sud  flabbjf 
and  are  filled  with  coll  iiosts  and  granulation  cells. 

314.  Melanotic  Cancer  (?). — As  previously  stated  (Sect  137^ 
it  is  questionable  whether  the  epithelial  cells  of  a  cancerous  tumofiir] 
ever  take  on  a  true  melanine  forming  property. 

Preparatiun. — This  depends  on  the  organ  or  tiasac  in  which  th« 
cancer  is  situated.  If  in  a  gland,  harden  in  "A,"  stain  in  hsematozy*, 
lene,  and  mount  in  Fuirants'.  If  in  the  skin  or  in  a  mucou* 
brane,  harden  in  "  A,"  stain  in  htematoxylcne,  clarify  with 
solution  of  picric  acid  in  methylated  spirit,  followed  by  ^  per 
solution  of  eosin  in  methylated  spirit,  and  oil  of  clovea.  Mount  in 
dammar. 

Rodent  Ulcer. 

315.  This  was  descril>ed  by  Thiersch  (No.  37)  u  a  flat  or 
epithelioma,  and  there  seems  little  doubt  that  it  is  of  an  epithelic 
nature.     It  commences  as  a  soft  tu>>ercle,  usually  situated  upon  tlM* 
face,  covered  by  smooth  skin,  and  somewhat  resembling  a  wart     If 
incised,  the  interior  is  found  to  be  filled  with  a  Ijrownish-colourwd  p(i^_ 
taceous  material     The  wart-like  mass  may  remain  on  the  face  nruJt 
for  years,  but,  in  cotu-se  of  time,  has  a  tendency  to  ulcerate.    Tb«  ul 
cpreada  slowly  but  constantly,  and  if  left  alone  xasxy  destroy  the 
of  the  face  or  the  whole  check.     It  may  ultimately  prove  fataL 
does  not  tend  to  affect  neighbouring  glands  (Sir  fi.  C.  Brodi«.     Sai^ 
Paget,  No.  23). 

Characters  of  the  Ulcer. — It  is  irregular  in  shape,  but  haa  Aj 
general  tendency  to  be  round  or  oval.    The  base  i«  smooth,  not  warty  < 
liodular,  and  may  even  be  graindating.     It  is  com[)(imtively  dry 
^msy,  has  a  scooped-out  appearance,  and  jnelds  little  discharge, 
border  is  slightly  elevated,  not  undermined,  but  smoothly  rounded 
•lightly  nodular. 

Mleroseopie.aUy  it  prosonta  moet  of  the  characters  of  an  epitholionsj 
bat  diffora  from  an  onlinary  epithelioma  of  the  skin  in  th«  foQo 
psiticnlan : — 

>  Ooiuralt  MiUmw,  Na  4,  JannMij,  Khnmtj  ud  Maroh  lS8t. 
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(1)  The  cells  are  smaller  and  more  rounded. 

(2)  The  cell  nests,  although  undoubtedly  present,  are  less  abundant. 

(3)  The  epithelial  procesaes  are  very  angular  and  branching. 

(4)  They  are  shaqily  constricted  at  parts,  and  are  wide  at  others. 

(5)  They  do  not  tend  to  burrow  deeply,  but  rather  to  spread  super- 
ficially under  the  sound  epidermis. 

The  edge  of  the  ulcer  usually  con- 
tains a  great  many  of  these  pro- 
cesses. 

(6)  There  is  an  absence  of  the 
clul>8haped  masses  of  sprouting 
epidermis  derived  from  the  rete 
Miilpigbii. 

Point  of  Origin. — It  evi- 
dently does  not  arise  from  the 
epidermis,  but  more  likely  from 
the  sweat  (Thin)  or  sebaceous 
glands.  If  the  nodular  mass 
which  precedes  the  ulcerated 
stage  be  examined  microscopic- 
ally, it  will  be  found  to  be  a 
typical  adenoma  (see  Fig.  159). 
The  acini  are  small,  but  very 
numerous,  and  the  majority  of 
them  still  possess  a  channel  in 
the  centre.  There  is  a  tend- 
ency for  these  gland,  acinus-like, 
structiu-es  to  fuse  together  into 
a  uniform  mass,  which  in  course  of  time  ulcerates  out,  and  leave^s  the 
smooth  floor  of  the  ulcer,  while,  at  the  edge,  the  glandular  epithelium 
continues  to  grow  and  spread  underneath  the  sound  skin.  The  char- 
acter of  the  acini  in  the  adenomatous  stage  points  to  their  origin  from 
the  glands  of  the  skin,  most  probably  from  the  sweat  glands. 

The  cause  of  the  ulcer  spreading  superficially  is  not  known. 

Preparation. — As  for  cancers. 

LiienUure  on  Careinmna. — Conaolt  lit.  of  rarioua  orgmiu,  and : — Alberts :  Dm 
CarciDom,  etc.,  1887-  Ball  (P&reffln  C. ) :  Lancet,  1886,  L  p.  1037.  Ballance  {Cultiva- 
tioa  Experimeuts) :  TniDs.  Path.  Soc.  Load.,  xxxviii  1887,  p.  412.  Baumgaiten  (on 
Srhcurlcn'B  C.  Bocillug)  :  Centnilbl.  f.  Bakteriol.  n.  Panuitenk..  iii.  18Sj8,  p.  397. 
Brault  (uon-Bacterial  Origin) :  Arch.  g^n.  d«  MM.,  1S85,  ii.  pp.  458,  5S6.  Brii^ge- 
mann  :  Ueb.  d.  Entwjclcelung.  d.  Cancroids  a.  gntartigen  Hnnt^seschwiibten,  1885. 
Budd  (QneatioD  of  Contagiosity):  Lancet,  1887,  ii.  p.  1091.  Butlin  (Keport  on  C.  of 
Breast)  :  BriL  Med.  Joura.,  1887,  i.  p.  436.  Coats  (C.  in  Certain  of  iU  Path.  A*pecU)  : 
Glug.  Me<l.  Journ.,  xxv.  1886,  p.  249.  Gross  (Two  Hundred  Cases) :  Med.  News, 
Phila.,  it  1887,  p.  618.  Hauser  (Cylinder-cell  C.)  :  Munchen  roed.  Wochnschr.,  xxxr. 
1888,  p.  198.  Hutchinson  (Scin-liu.s  following  Adeuomena  of  Breast) :  Brit.  Med. 
Jonm.,  1887,  ii.p.  1280.  Eckardt :  Viernoue  Fallev.  Paraffin-Kieba,  1886.  Erbe  :  Ueb. 
d.  Entwick.  secundarer  C.  durch  Implantation,  1884.  Francke  (Diagnooii  and  Etiology 
of  Sarcoma  and  C.) :  MUnehen  med.  Wochnschr.,  xiiv.  1888,  p.  67.  Kirmisson 
(MicTobio  Nature  of  C.) :  Bull,  ni^.,  ii.  1888,  p.  567.    Ledoux*Lebvd  (a  ■  Panuitiiial 
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PlO.  1&9.— AolHOlUTOfB  St40>  n  FoBHATioa 
or  A  KoDBrt  UiCBB  (xSO  Diaub.) 

(a)  AdeoomatoDB  (sweat)  gland  acini ;  (i)  the 
stroma  (Plcro-carmlne). 
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Ai^McU,  etc):  QUag.  Med.  Journ.,  xxv.  18S6,  p.  '271.  Malheibe  (CSairiflHttM) : 
Arch.  gia.  de  Hid.,  1885,  il.  pp.  513,  S&6.  van  Ntiss  :  B«itni«  z.  Kutchnig  d.  Or- 
clnome  aos  chroniich-entzttiidlicben  Za^anden  d.  Hnutdecken,  1886.  Paget :  Chaear 
and  Canoeroos  DiMaaea,  1887.  Pfdffer  (Schcnrlea'a  Bacillui  a  Ha]irophyt«) :  DkL 
mod.  Wochiwchr.,  xiv.  1888,  p.  203.  Pinner :  Die  KrebakranUieil,  UnacbcM,  vtc 
1888.  Rappin  (Microbe  of) :  Conipt.  rend.  8oc.  <L  Biol.,  iv.  1887,  p.  756.  Sarocy: 
BriU  Med.  Joum.,  1884,  IL  p.  1173.  Scheuerlen  (Etiology) :  Deal.  med.  WoehaacJkr.. 
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Centr.  Ztg.,  hi.  18S7,  p.  1729.  SchiU  (BaciUi  in):  Dcut.  med.  Wochnachr.,  zili.  1887. 
p.  1034.  Scliuchardt  (Origin  fr.  Old  lodammatory  Condition) :  SamiuL  Uin.  Voitr., 
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PL  1  ;  alto  (transL),  Lancet,  1888,  1.  pp.  145,  179  ;  Arch.  f.  path.  Anat,  L  1847,  y. 
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CHAPTER   XXVIII 

THE  NEW  FORMATIONS  AND  TUMOUES— (C(m<tn««d) 

Anomalous  Tumouks  due  to  Various  Causes 

POLYPI  AND  CYSTS 


Polypi, 

310.  Definition. — Any  pt/riform,  pnulnhyus,  aiid  pedunculaltd  tumour 
growinff  from  a  muc&us  membrane.  They  havo  no  constant  structure,  but 
are  composed  of  all  kinds  of  tissue.  The  commonest  of  these  aro  the 
iibroiis,  muscular,  and  Barcomatous.  Cancers  occasionally  become 
pendulous  when  situated  on  a  mucous  membnine,  but  rarely. 

Sites. — The  commonest  are  the  cavities  of  the  nose,  ear,  uterus, 
stomach,  cesophagus,  and  intestine.  Of  all  parts  of  the  alimentary 
canal  the  rectum  is  perhaps  the  most  usual  situation. 

Mucous  Polypus. — This  is  the  variety  which  is  commonest,  and 
is  particularly  a  tumour  of  the  nares,  the  external  auditory  meatus, 
and  the  uterus.  It  gets  its  name  from  the  soft,  velvety,  niucous-mem- 
brane-liko  consistence  which  it  possesses.  It  has  a  pink  colour,  and  is 
frequently  attached  by  a  long  pedicle. 

MieroscopicaUy,  it  is  composed  ojf  an  open  areolar  fibrous  tissue, 
whose  meshes  are  distended  with  cedematous  fluid.  So  oedematoua  is  it, 
that  if  laid  upon  an  absorbent  surface  the  tumour  shrivels  into  a  mere 
shred  of  tissue  within  a  short  time.  Lying  upon  the  walls  of  the  meshes 
are  numerous  round  cells — probably  young  fibroblasts — and  groups 
of  these  are  occasionally  seen  at  certain  parts  of  the  tumoiu".  The 
surface  is  covered  by  the  ixtrticular  variety  of  ejiithelium  which  natur- 
ally invests  the  mucous  membrane  from  which  the  tumour  has  arisen. 

Mucous  glands  are  occasionally  dragged  into  it,  and  may  become 
cystic.  Those  of  the  uterus  are  oft«n  converted  into  cysts  of  large 
size.  From  the  fact  that  these  tumours  contain  mucous  glands  more  or 
less  altered,  they  have  sometimes  been  classified  as  adenomas.  This, 
boweyer,  is  erroneous.     The  fact  that  they  contain  glands  is  purely 
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an  accident  due  to  their  situation,  just  as  a  sarcoma  or  fibrous  toiBOor 
of  the  mamma  contains  glands  because  it  grows  in  the  midat  at  a 
glandular  structure. 

Mode  of  Formation. — The  mucous  polypus  is  nothing 
originally,  than  a  fibrous  tumour  of  a  mucous  membrane.     Let  A 
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Pio.  160.— TiHin  oonraaiva  «  Hcoom  Potrrna  or  tbc  Nan  (xMO  Duiol) 
(a)  Tonog  flbrobUata ;  (b) •  Uood-vcuol ;  (o) tii*  ceduutoo*  araoht  ■]■«•  (H«imIiii|ImwV 

(Fig.  161)  represent  the  tumour  in  its  commencement.  It  origiiiatM 
in  the  fibrous  tissue  of  the  mucous  membrane,  and  as  it  increaaea  in 
sixe,  grows  in  the  direction  of  least  resistance,  namuly,  into  th«  carity 
which  the  mucous  membrane  lines.     It  pushes  the  epithelium  in  front 

•      ^-     »  Y.    B.  a.  V  C  ft^ 


Fto.  in.— BOBim  or  Pouitnoa  or  a  Poltfcb. 
L,  PIfst  itac* :  B,  Meood ;  0,  Ottrd.    (a)  arterr  entarluc,  «nd  (v)  nin  kkvliig  tk*  \ 
(«)  epIUwIlam ;  (Q  tnoiow  rabfUac*. 

of  it^  and  in8inuat«fl  itself  between  the  glands  of  the  membrane.  By 
virtue  of  its  weight  it  drags  upon  its  attachments  and  forms  for  itself 
a  pedicle  (B).  An  ariery  or  several  arteries  (a)  enter  it,  and  venous  chan- 
nels (v)  return  the  blood  fn)m  it  ks  the  blood  has  to  return 
gravity  and  has  to  pass  through  the  narrow  pedicle,  it 
some  obstruction  to  ita  onward  course.     Hence  the  tumour 
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cedematous,  and  the  more  attenuated  the  pedicle,  the  more  is  this 
tendency  to  cBdema  encouraged  (C).  The  fibrous  tissue  of  the  original 
tumour  thus  becomes  opened  out  and  converted  into  the  reticular  tissue 
of  the  tumour.  The  mucous  glands  are  surrounded  by  the  tiunour, 
and  their  mouths  are  frequently  obstructed,  so  that  secretion  accumu- 
lates within  them  ;  they  become  retention  cysts.  The  vessels  -mthin 
the  tumour  are  often  varicose  and  very  numerous,  so  that  they  may 
bleed  profusely  when  injured. 

Dense  Fibrous  Polypi. — Fibrous  polypi,  occasionally,  are  dense 
and  hard,  as  when  found  growing  into  the  pharynx  from  the  posterior 
nares.  The  pedicle  in  these  cases  is  broad,  so  as  not  to  obstruct  the 
blood  return. 

Muscular   Polypi. — These  are  chiefly  found  attached   to   the 
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Tio.  183.— FoLTPca  or  Rectck  showixq  tbi  Glamob  or  thk  Tvmodx  (  x  S&O  Diahs.) 
(a}  Qlud  linod  bjr  oolimmor  epittaeUiim  ;  Q>}  itronu  of  the  tumooi'  (Picro-cumiiieX 

uterus.  They  are  in  fact  small  myomata ;  or  they  may  be  small 
fibrous  tumours  of  the  mucous  membrane  of  the  uterus  into  which 
some  of  the  muscular  fibres  of  the  uterus  have  been  dragged. 

Sarcomatous  Poljrpi  are  also  found  grooving  from  the  uterine 
mucous  membrane.  They  arc  malignant,  as  might  be  expected  from 
their  nature. 

Channel  Polypus. — This  was  the  name  given  by  Oldham  to  a 
polj'pua  of  the  cervi.v  uteri,  which  is  pierced  from  the  surface  inwards 
by  numbers  of  channel-like  openings  usually  containing  mucus.  The 
channels  are  sometimes  so  capacious  that  a  crow-quill  can  be  passed  up 
into  them.  In  such  tumours  several  cysts  are  also  usually  seen  pro- 
jecting on  the  surface  and  distended  with  mucus. 

The  channels  are  lined  by  beautiful  columnar  epithelium ;  and  it  is 
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evident  that  they  are  simply  the  uterine  glands  distended  from  some 
cause.  The  most  evident  explanation  of  their  formation  seemc  to  be» 
that  the  retention  cyste,  which  are  so  constantly  seen  contemporuieoaaly 
with  the  channels  in  these  tumours,  become  over  distended  with  mactu^ 
and  rupture.  The  opening  cicatrises  and  remains  patent,  mucus 
constantly  discharged  from  it.  The  ruptured  cyst  now 
elongated  and  constitutes  the  channel. 
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Flu.  103.— CoAJmi.  PoLTnn  or  Cnnx  Oimu  (xflO  Duia.) 
(ft)  Fllvo-Mllatar  itrDtiu  of  liimonr ;  Q>)  ■  cUnd  of  otaria*  ranaoiu  BMifafaM ;  (l)  ■  Ciai 

(J)  lluluj;  of  culuiuii«r  cptthaUum  (Oumliw). 

PnponUim. — If  very  soft,  harden  in  "C  or  "D";  if  denser,  in  "A"; 
stain  in  carmine  or  hasmatoxylene,  the  latter  cither  followed  or  not  by 
eosin ;  mount  in  FaminU'. 

Ctstb. 

317.  Definition. — A  tyst  Ua  hollow  tumour  whou  wall  U  formtd  I 
a  etmtinuoiu  membratu  eottred  bjf  qn-  or  etuMheHum,  and  tokm  €tm^ 
Jitttd  with  /tuidf  tem-flmd,  or  solid  eonimU,  exereUd  or  ttertki  if 
mambnate. 

No  class  of  bodies  in  pathology  is  so  loosely  defined  as  that  of  cyiU, 
Any  sort  of  a  cavity  is  called  a  cyst,  and  consequently,  the  greatest 
eooiuaion  prevails  as  to  what  is  a  cyst  and  what  is  not. 
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Is  a  hfflmorrhage  which  becomes  surrounded  by  fibrous  tissue,  a 
cyst?  Certainly  not ;  that  is  to  say,  it  cannot  be  classified  in  the  same 
category,  as  the  slightest  reflection  ■will  prove,  with  the  cystic  dis- 
tension of  a  urinous  tubule  or  of  u.  raanimar}^  acinus,  It  is  an  encap- 
tvled  hasvwrrhage.  If  a  solid  foreign  botJy  became  sun'oundcd  by 
fibrous  tissue,  the  capsule  might  also  be  called  a  cyst  with  equally 
good  show  of  reason. 

Is  a  haematocelc  a  cyst  ?  Here  we  have  to  do  with  a  shut  sac,  a 
distinct  membrane,  and  a  fluid  poured  out  from  that  membrane,  The 
membrane,  moreover,  is  lined  by  endothelium.  This  must,  therefore, 
be  classified  as  a  true  cyst. 

Is  a  hasmorrhage  into  the  abdomen  then  a  cyst  I  It  ia  so  if  the 
hsemorrhage  is  localised  and  forms  a  tumour. 

Parts  which    suffer  from    mucous    degeneration   frequently  show 
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Fit).  IM.— Wau.  or  X  Cm  m  a  Foltpix  or  tb£  Ccitvtx  Unuu  (x3C0  Ouna.) 
(a)  A  taaXl  artery  ;  (t)  epithelium  lining  the  wall ;  (c)  ooimective- tissue  cells  n(  Uie  wall  (Carmine). 


little  angular  cavities  filled  with  roucin-holding  fluid — Are  those  cysts  1 
They  cannot  be  so  called,  for  thoy  have  no  lining  membrane,  no 
endothelium,  and  the  contents  are  the  result  simply  of  a  degeneration 
of  the  tumour.     These  are  myxomaUAis  caviiics,  not  cysts. 

Formation  of  Cysts. — All  true  cysta  originate  in  pre-existing  hol- 
low structures.  These  are  most  commonly  the  ducts  and  acini  of  glands, 
such  as  those  of  the  mamma,  or  they  may  be  lymphatics.  The  name 
"retention  cysts"  is  sometimes  employed  to  designate  those  formed 
from  gland  tubes.  This  seems  to  be  needless,  as  all  true  cysts  in  reality 
originate  in  a  retention  of  the  products  of  some  gland^  channel,  or  cavity. 

There  is  only  one  apparent  exception  to  this  rule,  namely,  the 
hydatid  cyst,  which  ia  of  so  special  a  natiu'e  that  it  can  hardly  be 
classified  as  a  cyst  at  all.  It  ia  a  parasite  whose  natural  state,  when 
lying  in  the  tissues,  is  to  become  distended  with  fluid  secreted  from  its 
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membranes.  The  cyst,  in  this  case,  has  not  a  retention  character,  but 
is  the  result  of  a  hollowing  out  of  the  body  of  the  embryo  parasite.' 

Classification  of  Cjrsts. — It  is  very  difficult  to  ckssify  them  in 
a  scientific  manner,  owing  to  their  being  due  to  so  many  causes,  and 
consequently,  the  only  one  which  shall  be  here  attempted  is  into  simple 
and  compound,  according  as  the  tumour  is  constructed  of  a  single  canity 
or  of  several. 

A  simple  cyst  is  one  having  a  single  cavity  filled  with  various  con- 
tents. A  compound  cyst  is  one  composed  of  several  cavities  which 
may  grow  one  within  the  other.  The  secondary  and  tertiary  cysts  some- 
times spring  from  the  walls  of  the  primary  by  endogenous  develop- 
ment. Such  are  called  proliferous  ajsis ;  but  at  other  times  the 
individual  cavities  remain  separate,  and  when  so,  are  usually  designated 
mtiltilocular  cysts. 

Contents. — These  are  varioxis,  such  as  serum,  mucus,  colloid, 
blood,  sebaceous  secretion,  or  cholesterine.  The  walls  of  those  foimd 
in  the  ovary  and  subcutaneously  sometimes  contain  hair  and  skin 
{dermoid},  or  teeth. 

Literature  on  Anomalous  Tumours. — Consult  litenttniB  of  varioui  organi,  and: — An^ 
senac :  CoutriLution  i,  V  i^tude  dea  Kystea  du  Maxillaire  inferieur,  1885.  Bayer  (Tnaa 
formation  of  muc.  Polypi  into  Malignant  Tumours):  Deut.  med.  Wochnschr.  xiii.  18874 
p.  174.  Chapin :  Two  cases  of  Branchial  Cyst,  1SS5.  Cosset  (Branchial  Cyrts); 
Cong,  franc,  de  Cliir.  Proc — verb.,  1887,  ii  p.  553.  Grawitz  (Dennoid-Iike  Cy«ti  on 
Pbritoneum):  Arch.  f.  path.  Anat,  c  1885,  p.  262.  Masse  (Origin  of  Dermoid  Cy«t<): 
Bull.  giu.  de  Therap.,  cviii.  1885,  p.  337.  Senn  :  On  Branchial  Cyits  of  Neck,  1884. 
Treves  (Malignant  Cj-aU  of  Neck) ;  Trans.  Puth.  Soc  Lond.,  ixxviii.  1887,  p.  360. 


^  For  examples  of  the  formation  of  special  cysts,  consult  chapters  on  diiciMcin  of  the 
mamma,  kidney,  etc. 


CHAPTER    XXIX 

THE  NEW  FORMATIONS  AND  TUMOURS— (Cwi/inuti) 

Tumours  due  to  the  Presence  of  a  Specific  Vegetable 
Micro-Organism. 


I 


TUBERCLE,  LUPUS,  GUMMA,  ETG. 

Tubercle. 

318.  Historical. — It  would  be  quite  beyond  the  range  of  this  work 
to  give  anything  like  a  complete  history  of  the  subject  of  tubercle,  and, 
accordingly,  a  synopsis,  necessarily  brief,  of  the  most  [irorainent 
doctrines  which  have  been  entertained  regarding  its  uatiu-e  from 
Laennec's  time  dowiiwards,  will  alone  he  attempted. 

Laennec's  Views. — In  former  times,  all  caseous  deposits  were 
called  tubercles  by  Laennec  (No.  38,  1834),  and  of  these  ho  described 
four  varieties  : — (1)  Miliary^  tubercle,  where  the  tubercles  are  the  size 
of  a  millet  seed,  of  a  gray  colour,  and  usually  arranged  in  groups. 
(2)  Crude  tubercle,  where  the  miliary  nudules  run  together  into  masses 
and  become  yellow.  (3)  Granular  tttbcrde,  where  the  nodules  are 
extremely  small,  nearly  the  size  of  a  millet  seed,  and  scattered  uni- 
formly through  a  whole  organ.  They  are  not  arranged  in  groups,  and 
have  no  tendency  to  i"un  together.  Centrally  they  become  transformed 
into  yellow  tubercle.  Baylo  (No.  39)  considered  them  to  be  portions 
of  cartilage  on  account  of  their  hardness.  {■!)  Enct/sted  tubercles,  or  such 
as  are  constituted  of  a  hard  mass  of  crude  tubercle  in  the  centre,  with  a 
fibrous-like  or  semi-cartilaginous  capsule  outside. 

Virchow's  Classification. — A  few  years  after  this,  Virchow  (No. 
35)  showed  that  the  so-called  tubercles  of  Laennec  varie<l  in  structure 
and  mode  of  origin.     Thus  he  found  some  of  them  to  be  little  con- 
nective-tissue deposits,  while  he  demonstrated  that  others,  such  as  t 
"  crude  tubercle  "  of  the  lung,    were  pneumonic  accumulations  wh' 
had  cascated.     He  consequently  called  the  disease  of  the  lung  acc( 
^  Milium,  a  millet  wed. 

VOU  I  2  K 
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pauied  by  crude  tubercle,  "caseous  catarrhal  pneumonia,"  wliil«  h* 
reserved  the  name  tubercle  for  bodies  like  those  seen  in  a  gannl 
acute  eniption. 

Villemin's  Discoveries. — In  the  year  1866  Villemin  (Xa 
40,  bci.  p.  1012),  showed  that  in  rabbits  an  eruption  of  miltaiy 
nodules,  in  all  respects  similar  iti  their  general  cliaracters  to  ao^aUed 
miliary  tubercle  in  Man,  could  be  induced  within  a  few  weaka  bj  tha 
inoculation  of  cheesy  de])08its  in  different  parts  of  the  body. 
cheesy  material  evidently  contained  something  which,  on  being  i 
had  the  power  of  spreading  tuberculosis  broadcnat. 

Sanderson's  Experiments. — Sanderson  (No.  41,  1868-69X 
finned  these  experiments,  but  further  showed  that  tlie  more  pr 
subcutaneously  of  a  foreign  body,  such  as  a  seton,  is  sufficient  to  ael  i 
an  eruption  of  tubercle  in  the  lung  in  guinea-pigs  within  a  few 
of  its  introduction. 

Cohnheim's  Test — The  question  of  the  nature  of  tubercle  Uj 
in  a  very  troubled  and  uncertain  conrlition  for  several  years  afUn*  this, 
and  there  was  a  tendency  during  this  time  to  fall  back  upon  hiato- 
logical  structure  as  the  true  distinctive  feature  of  what  was  tubercular 
and  what  was  not.  In  the  year  1880,  however,  Cohnheim  (No.  44) 
asserted  that  the  only  test  of  a  deposit  being  tubercular  was  it4 
inoculability.  "  All  is  tubercular,"  said  he,  "  which  by  transferenee  to 
properly  constituted  animals  is  capable  of  inducing  tuberculooa,  and 
nothing  is  tubercular  unless  it  has  this  capability." 

Koch's  Discoveries. — Finally,  in  the  year  1882,  Koch's  fanooi 
paper  appeared  (No.  43,  April  10,  1882),  in  which  he  announced  that 
he  had  found  a  specific  bacillus  in  tubercular  deposits,  which 
characteristic  morphological  features,  which  gave  a  peculiar 
with  certain  aniline  dyes,  which  could  be  cultivated  artificially, 
which  when  inoculated  was  capable  of  exciting  a  tubercular  emi 
while,  in  the  nodules  of  the  eruption,  the  organism  was  again  to 
found.  He  definc<l  tubercle  as  any  growth  of  newly-fomed 
which  contains  the  tubercle  bacillus,  quite  irreepectivo  of  aitoi 
liistological  structure,  or  distribution. 

LUmUurt  on  TuhenU — /7ti(orua/.— Coiumlt  lit«ntar»  giYvn  andvr  UiInvcU  irf  i 
oirbiwiUkI  i— Baillie :  MorhM  Aiuitomv,  \k  41, ]833.  Baiungarten :  ITrh.  TabaUi 
TnbirinikMe,  18£&  BmIc  :  Ihcb.  iur  U  I'htbuic  |mliu.,  181U.  Bennett:  PttJb  i 
TrMt.  of  Pnlm.  TabwcoL,  18^3.  Billing:  J.  Coiop.  M»l.  uixl  »ut.,  N.  Ycck. 
lS8i,  p.  tfi.  Bollinger:  Zur  AetioloiKi«  il.  Tulnnulomi.  18N.S.  Carnvdl : 
AnaC,  ISSS.  Coroille  :  De  U  conUgioulU  ile  U  tnlwirulnw,  18^2.  Diacnaai 
Tii>>fircl«  :  Tr.  Inuru.  M.  Conit.,  i.  1&81,  i>.  303.  Eichttaedt :  Die  TulwrealiM,  ISMT 
Gee:  "Tti»wrcuio.is"  Qaain'n  Diet,  of  M<?<L,  \^i.  Grancher :  Tcitmiw  MU.«  il*. 
1881.  Graves:  Cliuicnl  I.^tnrex,  ItuMin,  1837-48.  Kleba :  Arch.  L  patk.  AjmI, 
illr.  18«8.  p.  242,  Klein :  IVaotitloner,  x>ii.  18SI.  p.  SI.  LandoBn  aod  H. 
Blartin:  Rev.  d.  Mr.1.,  Hi.  1883.  Lomt>ard:  EmoI  nur  l«TnUr.!c..  iM-^f.  Loiria: 
K«-ii.  aitat-ptth.,  I84'2.    Niemeyer :  Ux-iom  nn  Fliibl-i-  1  tee. 

Reinhardt:  Ann.  J.  Merlin.  C-liar,  I  18.'.0,  p.  3rt2.     Rindflei-.  -.  HM.. 

T.  ZiMawHi  (tno»l. ),  r.  1876,  p.  A33.     Sdence  (Koch'a  Work).     LUtubr^ili^  I . 
SlMltKk:  Cycl.  VnnU  M«<1.,  v.  Zifniwcn.  1881  :  tnppL  vol.  p.  834.     Spiiu 
tflcy  of  TuWnrulo«i«  <tnuul. ),  1888,      Virchow:  WUntk  Verb.,  I.  1850,  p.  80  ;   /"ut. 
a  pp.  24  aad  70 ;  Ibid.,  ill  p.  08. 
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CHARACTERS  OF  THE  TUBSBCLS  EAdLLUS. 

319.  It  varies  conadenbly  m  Ica^  lal  *  ^amDf  baa  a  ipiutei 
to  half  the  hreadth  of  a  oeioand  bfeod  ooiyaKiK  (-j^^  in).  It  OMJ. 
however,  equal  it  or  be  ercn  loiter.  It  is  andf  mmfiaArtMj  lattget 
when  found  in  the  spatnia  tbui  it  it  ■ku  mmiif  in  the  tiasnes. 
It  is  narrow,  more  or  leas  roanded  at  Hae  coda,  aad  genenllj  baa  a 
beaded  appearance  owing  to  its  contaiBiag  ipona^  Tke  number  of 
spores  in  a  single  rod  varies  from  fear  to  ei^tk  but  is  on  an  avenge 
six.  The  bacilli  lie  either  singjj,  in  pain  (tbe  ooe  aapeejaoeat  to  the 
other),  in  groups  of  seven,  ten,  or  mote,  or  in  roaette4ike  nuaaee.  They 
are  either  straight,  or  have  a  sli^t  curve,  often  towards  one  extremity. 
Wlien  cultivated,  they  become,  as  a  rale,  sborter. 

(For  further  particulars  see  ToL  IL,  "Vegetable  Parasites.") 


TISSUES  IX  WHICH  THE  BACILLUS  IS  FOUND. 

320.  As  a  general  statement,  it  may  be  said,  that  in  cases  of  ttib*<r- 
culosis,  acute  or  chronic,  the  bacillus  will  be  found  lying  in  simu:  of  tho 
nodules.  There  is  this  peculiarity,  however,  about  its  distribution, 
namely,  tliat  it  is  very  irregular.  The  author  has  met  with  n  caso  in 
which  both  lungs  were  rendered  perfectly  solid  from  an  rxtremnly 
acute  eruption  of  tubercle,  but  in  wliich  not  a  vestige  of  any  lulMirclo 
bacillus  could  be  discovered  after  the  most  careful  and  jtrDJongisd 
examination.  The  tubercular  nature  of  the  disease  was  cuiiiiinKMi,  or 
at  any  rate  supported,  by  there  being  similar  nodules  in  otliei'  <>i-Knua. 
A  remarkable  fact  was  that  none  of  the  nodules  in  tlio  hmg  Iiiul 
caseated.  They  were  all  as  yet  in  the  cellular  stage,  but  ptesontod  tlic 
histological  features  of  acute  tubercle.  It  i.s  usually  wfuTo  casCOUl 
catarrhal  pneumonic  or  interstitial  tubercle  nodules  havo 
ftis-Mfi-d  and  are  m  proc^ess  of  disinktjmiwn  that  tho  liirgenL  (l()|)nMit»t  are 
to  be  seen  ;  but  even  in  lungs  in  this  condition  it  is  sonietinirH  inipoNNihle 
to  demonstrate  it  with  anything  like  the  constancy  that  mi^lit  Im 
expected.  The  explanation  that  is  usually  given  Uj  account  for  its 
absence  in  so  many  nodules  which  are  undoubte<lly  tubercular,  1»  tlial 
it  has  worked  itself  out  in  them,  and  that  tho  tumour  which  in  Infl  |« 
merely  its  effect 

Fiitterer  (No.  13,  c.  p.  236),  describes  them  as  lyin^  in  a  blOOd* 
vessel  in  the  neighbourhood  of  a  miliary  tul>ercIo  ;  around  A  Teucl 
in  the  centre  of  a  tubercle ;  in  the  vasa  afferentUi  and  cffcrcntla 
of  the  glomeruli  of  the  kidney ;  in  thu  Malpighian  body  of  th« 
kidney;  and  in  a  convoluted  urinary  tube.  Iknda  tSo.  43,  No, 
.\iL  1884),  has  seen  them  within  thrombi  of  vdnx  lyixiK  i"  thn 
neighbourhood  of  a  large  cheesy  collectiun  in  tho  kiditny,  u  wull  a« 
in  the  glomeruli.  A  tul)ercular  eruption  containing  the  baciil<i>  liaa 
also  Ijeon  recorded  by  Weigert  within  the  larger  bronchea  of  Um  pul- 
monary artery  (No.  13,  civ.  p.  31,  1886).    Tboy  were  somot 
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scattered  broadcast  over  the  tunica  intima,  at  others  were  confined  to  < 
particular  localities.  Herxheinier  (No.  13,  cvii.  p.  180,  18ij7),  IimI 
described  a  similar  case.  In  a  case  of  miliary  tuberculosis  in  a  child,  [ 
the  author  has  seen  a  tubercular  growth  so  large  as  nearly  to  obUterat« ' 
a  middlo-sized  branch  of  the  pulmonary  arterj'. 

Muhlert    (No.    151)    in    investigating    thirty    cases    of    tubercol* 
osis  found  the  bacillus  present  with  few  exceptions  in  the  tuberciw 
of  the  brain-mem))ranes,  the  choroid  plexus,  brain  substance,  longi^, 
air-passages,  tonsils,  sjtleen,  liver,  kidnej-s,  intestine,  peritoneum, 
marrow,  granuliitioii.s,  lymph-glands,  etc. 

Il  is,  therefore,  beyond  question  that  the  bacillus  is  freely  traa** 
ported    by  the  circulating   blood    throughout   the   different   or 
Wherever  it  alights,  it  occasions  the  growth  of  a  tubercle  nodule. 

In  gelatinous  degeneration  and  in  old  sinuses  of  joinu  it  hat 
been,  found  connected  with  tuhiTt'lcs  present  in  those  discasrd  con- 
ditions. In  the  tubercular  human  mamma  and  in  the  tubcrcuUr 
udder  of  the  cow  it  is  abundant,  while  from  the  latter  it  is  thrown  off  ^ 
in  large  quantity  into  the  milk. 

LitenUttre  on  TuJhtrcU  Bacillut. — Babes    (Tiiborcln  ami  Lepra   B.1  :    Cn<n)>t.  nrniLJ 
Aead.  li  Sc,  icrt.  1883,  pj..  1246-1323  ;    (In   l'rln«> ;  fentrnlM,  f.  .1.  mnl  Wweiwk,] 
xri.  1883.  p.  145.     Balmer  and  Fraentxel :  Berl.  kliu.  Wo.  lin«rlir.,  xii.  I.S*2,  p.  «7».] 
Barron :  Uvvrp.  Mnl.  C'bir.  Joum.,  iii.   16^:1.      Baumgarten  :    l'cqUhIIiL  f.  a.  a«^ 
WUacmcli..  ni.  1882,  p.  337  ;  IhUL,  n.  1882  ;  nud  v.  1881  ;  lieut.  tuol.  Woclnsxht, 
viii.    1882;    n>id.,    ii.    1883.      Carreras  -  Soli :    Kcv.    de   cicn.    in.M.,    IWn.L,    xl' 
1885,  p.  201.     Cheyne  :   Brit.  M«<1.  Jouro.,  I8SS,  i.  p.  liJfi.    Chiari  ;  OratTv.  toX. 
Verelnzeltnug.,    vii.    1883.       Dcmme   (Uia^OiUe    Value):    Rrl.    kliu.    Wo.l:ii«fej., 
XX.    1883.       Discussion    on  :     Verhaudl.    d.    Cong.    (.    iuscrr     Mr<l.,    V^inliarii. 
U.  18S3.    Discussion  on:  Uncct,  1883,  i.  p.  234.     Discussion:  IabmI.  18Ut 
I.    pp.   107-15.'«.      Dreschfeld   (Diapjoatic   Value):    Brit,   Med.   Journ.,    \i1X  L  p. 
SOi.      Ernst :   Bo«tou  M.  and  S.  Journ.,  cix.   1883.      Flint :  MmI.  News  Phila.,  iIst. 
1884,  p.  6".      Formad:  PhiL  Med.  Tiiuc*.  1882,  1SS3-4  :  N.  Y.  Med.  imm.,   atxiz. 
1884.     Fulton  (B.  CmiMC  or  EfTwt  of  I'ubeicaloaU !) :   KaD^aJ  City  Med.  Rcc.,  L  XtM, 
p.  370.      Gaifky  (Sputum):    Mittheil.  a.   d.   k.  GeiuodLeltaaiutc.  it    1S84,   }v    1U. 
Graham  :    Camula   IVactitioner,  Toronto,  viii.    1883.     Green :  Brit.  MoL  Jonrm^  i 
1883,  \>.  193.     Hagfueny  :  Da  Bacille  de  la  l'Tib«rculi>«e,  1.S83.     Handford  (IUn«»)(j 
Lancet,  1885,  ii.  pp.  988-1038.     Heron:  Lancet,  1883,  i.  pp.  38.  l»i.      Kidd :  Pfafc 
Kov.  Mr.1.  and  Chir.  See.   Lond.,  i.   1882-85,  p.  301  ;    Bnt.   Me<L  Joum..  IHM,  IL  p. 
1103.     Kirstein  (lo  Urine) :   Deut.  tned.  Wochufechr.,  xii.  1880,  p.  24i>.     KoCh  :  Bwl 
Icliii.,  Wo<:lin«> lir.  xix.  1883,   p.  221:   o^,   IHut.  meO.  Woclnimlir.,  ix.  IMS:   ^m, 
KWu,.  Wicn  mol.  Ztg.,  xxviiL  1S68  :  alto,  Mitth.  a.  d.  0«miidb«itaaiiit«,  Ii.  1891,  p.  1} 
tiUo,  An-h.  f.  PliyiiioL.   1H82,   p.  190;    oIm,  MnL  Cbir.  CeutxalU,  Wi«ii,  trii.  IMt] 
aU\  Ibid.,  Wirii,  lit.  l!«84,  p,  50.    Lindner  (lu  J»iiit^) :  Jahrh.  t,  KiadalMilk^  L^ 
xxi.  1884,  11.  136.     LustiK  (In  it|<v><l) :  Wi«n.  ttie<L  Woclitucbr..  zzxir.  IBM,  pw  Xii 
Mackenne:  &Iio.  MoL  Joum.,  xxi x.  1883-84,  ii.  p.  d81.     Menard  (QnuecUM 
AbMov:*  witli  l'abcrculo«i() :  Brciner  Weekly  Med.  }(«:.,  Chicago,  ix.  1804.     M 
SOhn  (la  L'Huo) :  Ueut.  med.  Woobnschr..  x.  1884.  p.  7.     Meisels  (In  Blood): 
lued.  Woohujtolir.,  xxiiv.  1884,  p.  1149.     Mnhlert :   Britr.   t\tt  KuulnM  uU.  4.  Va 
niiiinrn  ■!.  Tul>.   BaclUen,  1885.     Pfeiffer  (Sputiiiii):  B*rl.   Vlln.  WwhtiK-hr.  x&  || 
p.  ^'l.     Pilatte :    Rtchcrclm  expnriiiiaijtales  sur  le   Bat-illr  i\v  la   Tnbenruloac,  II 
Wudden  (T»h«rcl«  in  which  Bat'illii4  not  drtnonittrtlilv  )iy  n^llnary  method  of  8h 
ing):  X.  Y.  Me<l.  Itor.,  iijiL  1883.      Rutimeyer :  CentnJM.  t.  kiln.  Med.,  vt.  tf 
p.  353.     SaUTag^  :  IK*  la  Valetir  dia^o>tl<]uii  de  U  Pr^rn<>r  dri  Barlltn  de  JRjotk  i 
\m  CrMhftta,  1883.     Scbill  (SpBtnm) :  l>euL  nicL   \'  SctaM 

Cblcaco  MetL  Joum.  and   Bttmlner,  xJv.  1882:  '  wii-|iiiiA] 

Chica^  Mad.   Jonm.  am!    Rxamlocr,  xlrL  1893.      :::>^  ;.<i.  i -lus    <7iu>|iie)i  Xnh. 
prtk   Aast,  Id.    1833,   p.    120.      S^   (TnaaL) :  M.    and   &  Jc 


- _  a- 

L'^y    t^v  ■'■■  oL:.. .d 

\^'^% _ 

X 

Fi^.S6. Thierde  BaaUus  fionv  spuium/  of  girl>  vrko  dietL  fivnt/  rapid/  pfUhisis 
Irv  soTn»  parts  tt'  saemed/  to  he  alm/}st  entirffy  composed/  of  hojoHLaB. 
(V,  salarary  oorpuBoLe/;  h,  bacdlas  fijlL  of  spores,  c,  rosetts>-hko  mass 
of  bcuxlld  not  sporing,  et,  another  nwbSS  sparing,  e,  rruuxis  staiii£dj 
vnth.  rru!(fv/ierLer  hlue!   EhrUchi-Weigert/  process  pi  oiL  vnmersvon/, 
tuh&  out  N°  4'  ocular.  MartnouJo 


Fi|<.  87  Deposit)  aftubvxla  haaBas  uv  a-  phthisical,  lung,  cu,  air  vnsidas  fiUed/ 
'm/hf  ca^tating  oatarrfiaL  produ/jbs;  h,  smaJL  artwy,  c,  inhaled/  pig- 
■mm/y,  d/,  the/  bajtUuus  hfvig  irv  the  centra  of  a/  taJbtrd/e/  nodula  in/ 
process  afcaeeating.  Ehrbudv-Wnga^  process  without/  contrast'  — 
stain/.  X  SO  Ikame 
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FAVOURITE  BEATti  OF  TUBERCLE. 

321.  It  is  a  remarkable,  and  as  yet  an  unexplained,  fact,  that  tubercle 
has  a  special  affinity  for  some  organs  and  tissues  in  preference  to,  it 
might  almost  be  said,  to  the  cxchision  of,  others.  Thus  certain  raem- 
bmties,  such  as  the  pleura,  the  peritoneum,  the  pia  mater,  and  the 
arachnoid,  are  particularly  predisposed  to  its  attacks ;  while  others, 
such  as  the  pericardium,  are  very  rarely  the  seat  of  it.  The  muscular 
and  fibrous  tis.?ue8  enjoy  almost  complete  immunity,  and  when  it  occurs 
in  them,  as  in  the  case  of  the  pericardium,  it  is  a  local  disease.^  Of 
all  organs,  the  lung^  is  admittedly  the  favourite  seat  of  the  disease 
both  in  Man  and  in  the  lower  animals,  but  the  spleen,  kidney, 
liver,  intestine,  and  brain  are  very  liable  to  lw>  simultaneously 
implicated.  In  the  case  of  the  intestine  the  tubercules  may  be  situ- 
ated either  on  the  serous  or  on  the  mucous  coat.  The  mucous  mem- 
branes of  the  stomach  and  of  the  upper  part  of  the  small  intestine  are 
peculiarly  exempt  from  its  attacks,  although,  occasionally,  a  truly 
tubercular  ulcer  may  be  found  on  the  former.  Bone  is  frequently 
tubercular,  particularly  where  a  sinus  communicates  with  iL  As 
previously  referred  to  (Sect  .320),  it  occasionally  occurs  as  a 
localised  deposit  within  the  blood-vessels  of  the  lung.  Naese  has 
recorded  (No.  13,  cv.  p.  173,  188C)  an  infarction-like  mass  in  the 
kidney  and  spleen  caused  by  a  tuberculosis  of  the  artery  leading  up  to 
the  part ;  and  Vidal  (No.  150,  Nos.  liv.  and  Iv.  1881)  refers  to  what  he 
calls  a  tuberculosis  of  the  skin,  which  he  says  is  different  from  lupus. 

Tubercle  is  remarkable  in  this  respect,  that  it  may  constitute 
a  widespread  eruption,  or  may  ))e  confined  to  a  particular  set  of 
organs  or  to  a  special  tissue.  Thus,  in  the  tuberculosis  of  children,  the 
disease  is  usually  in  the  form  of  an  eruption,  while  in  that  of  adults  it 
more  frequently  is  located  in  one  set  of  organs,  such  as  the  respiratoiy 
or  the  genito-urinary.  It  is  only  in  comparatively  few  cases  of  pul- 
monary phthisis,  in  the  adult,  that  the  disease  sets  up  a  general  eruption, 
even  although  the  lung  may  be  teeming  with  the  l>acillu8.  In  the 
earlier  stages  of  pulmonary  phthisis,  the  lung  is,  as  a  rule,  the  only 
organ  implicated.  It  is  in  the  later  stages  of  the  disease  that  other 
orgsna  such  as  the  larynx  or  intestine  are  rendered  tubercular, 
apparently  from  the  bacillus  coming  into  contact  with  them.     The 

'  A  eaae  ia  reportal  bjr  Annwidtle  (So.  19,  1S67)  where  MTetBl  dmetj  talierciilar 
dl*  bad  formed  in  the  mniclca  of  the  Mia. 
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spatum  is  evidently  the  vehicle  hj  which  it  is  convcjod  in  both 
cases. 

OASEOVS  SOURCE  OF  INFECTION  IN  ACUTE  TUBERCULOSifk 

322.  Ever  since  tuberculosis  has  been  recognised  as  a  distinct  diseaar, 
it  has  been  noted,  in  coses  where  it  assumes  the  character  of  a  general 
acute  eruption,  that  there  is  almost  invariablj  a  cheesy  mam  in  some 
part  of  the  body  in  a  state  of  rapid  dissolution.  It  may  bo  a  gUnd,  a 
cavity  in  the  lung,  a  peritoneal  inflammatory  eflusion,  a  caseotiB  twtici<; 
a  nodule  iu  the  brain,  or  a  strumous  abscess.  It  is  manifesUjr  of  older 
date  than  the  tubercle  eruption,  and  it  contains  the  tubercle  barillns. 
Weber  (No.  192,  18G9-70)  found  cheesy  foci  in  sixteen  coses  of  tulior- 
eulosis  of  serous  membranes,  etc.  The  absorption  of  the  bacillus  from  | 
this  by  Uie  surrounding  blood-vessels,  is  usually  regarded  as  the  cauM 
of  the  acute  outbreak  of  general  tuberculosis.  The  cheesy  maw  may 
lie  latent  so  long  as  it  is  solid,  but  as  soon  as  it  softens,  the  poisonow 
contents  can  be  taken  up  by  the  blood-vessela  and  prove  a  caoae  «f 
infection.     Hence  the  danger  of  all  cheesy  deposits  wherever  located. 

STRUCTURE  OF  TUBERCLE.^ 

323.  Naked-eye. —  Although  there  is  a  general  _ 
■ome  of  the  most  important  macroscopic  features  of  tuberde,  yet  H  l>y 
BO  means  follows  that  they  are  exactly  alike  in  all  organs. 

The  following  may  be  taken  as  the  general  naked-eye  chaneter 
istics : — 

(1)  The  notlules  are  multiple,  either  running  in  lines,  arranged  in 
groups,  or  uniformly  scattered  through  the  organ. 

(2)  They  are  almost  always  (in  a  general  eruption)  of  constant  astf^ 
namely,  that  of  a  millet  or  mustard-soe<l. 

(3)  Tlipy  are  round  in  shape,  and  have  a  sharply-dofineil  border. 

(4)  They  are  of  almost  cartilaginous  hanlne^s  and  hutre. 

(5)  They  can  easily  be  dissected  out  from  the  tissue. 

(6)  Tlieir  colour  is  usually  gray,  but  whore  the  tubercle  has  eaaeal 
it  will  he  found  to  be  more  or  less  cream-yellow. 

Microscopic. — As  a  rule  it  is  a  mesoblastic  nooplasm,  and  usually 
arises  from  an  endothelium  such  as  that  of  a  serous  cavity,  a  blood- 
Tessel,  or  a  iyra]ihatic.  A  proliferation  of  this  endulhelinm  i*  tK« 
flnt  step  in  its  development,  .i  little  m:i88  of  highly  niuli'iitcd  oellt , 
l)oing  thereby  produced  (comp.  Klein,  No.  118  ;  Buhl,  No.  Idl  ;  and 
Horing,  No.  I. -5 6). 

The  following  are  the  usual  histological  forma  aaattmod  by  the 
growth — 

A-  Some  very  young  tubercles  are  met  with  in  the  poroty 
eoodition  just  alluded  to.     Thoy  are  simple  dc|K>sits  of  round  oolk  dt^ 

I  In  dcMriblBV  tUi  tba  knthor  Ukca  ■•  his  itmbnl  tlia  tatMraUs  wkUh  om  mm  te 
senU  and  dvoolo  vapUona. 
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various  sizes,  and  are  mostly  to  be  lookfcl  for  in  very  acuta  eraptions. 
They  are  frequontly  located  round  a  blood-vessel,  more  especially  in  the 
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fto.  int.— ToBcscui  or  mc  Ldko  u  a  tkbt  kaklt  Btaob  of  DEVCLorXEST ( X4C0  Diamb.) 
(a)  An  Alveolar  wall ;  (^)  litootl-corpaicles  In  capilUries  of  tbo  aune ;  (c)  blood-«orpiiael«a  «stt«> 
vuatetl  Into  the  olrniUr  cavttlea ;  (d)  alveolar  ca]HlUria  Tilled  with  blootl-corpiiicles  carried  for- 
wanla  by  the  tabercle,  which  la  growing  into  the  alveolar  carity;  (<}  larga  endotheliirm-like  celli, 
or  which  the  tubercle  In  tbU  «tage  la  malnl}'  compoacU ;  (/)  portion  of  a  bruch  of  th«  pulmonaty 
arterj-  Injected. 

pia  mater  or  peritoneum.     The  tubercle  bacillus  may  be  detected  in 
this  stage,  but  with  difficulty. 

B.  Very  soon,  liowever,  it  is  noticed  that  one  or  more  giant-cells 
appear.  These  giaut-cells  are  not  unlike  those  of  a  giant-cell  sarcoma, 
and  contain  many  nuclei.  They  appear  to  be,  simply, 
certain  of  tlie  cells  of  the  mass  which  have  outgrown 
the  others.  They  sometimes  contain  tlw  tubercle 
bacillus  in  their  substance,  although  nirely  in  Man, 
but  whether  this  is  the  cause  of  their  overgrowth,  or 
whetlier  it  is  simply  that  they,  being  large  amoeboid 
bodies,  take  up  any  kind  of  particulate  matter  in 
their  neighbourhood,  is  not  quite  clear.  They  also 
absorb  pigment  particles  freely  in  the  same  way.  Ceu.  nou  Tpuacu 
The  bacillus  in  such  cases  is  often  so  small  as  to  or  luno.  with  i.muai«» 

PAHTICLra     OF     CABBOir 

resemble  a  micrococcus.     The  bacilli  are  of  much   i^  m  ncTEBion  (xsoo 

more  comman  occurrence  in  the  giant  cells  of  bovine   D'in"-) 

tubercle.    There  may  be  several  giant  cells  in  a  single  (")    Oentiai    Bimnaur 

cellular  mass.     It  generally  happens,  however,  that 

one  has  developed    more   than  tho  others.      The 

meet  of  the  tubercles  that  are  encountered  in  acute  eruptions  never 


Fio.  106.— A  Ouar 


part ;  (b)  peripheml 
pigmented  portiiii. 
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proceed  further  in  development  than  this  stage.  There  ia  a  gi**^j 
liability  for  the  cellttlar  mass  to  caseats  when  it  has  prooeedod  ao] 
far,  and  ttiis  effectually  puts  a  stop  to  it«  complete  evolution.  LyiBg] 
within  the  caseous  part  may  sometimes  be  seen  the  tubercle  l»dllnk[ 
It  usually  increases  in  quantity,  and  in  the  frequency  with  which  it  \ 
Incurs  in  individual  tul^ercles,  as  caseation  progresses.  Then*  are 
many  nodules,  however,  as  before  mentioned,  in  which  not  a  veatige  of 
the  bacillus  is  to  be  seen. 

The  little  mass  appears  to  be  quite  devoid  of  blood-veaseU,  and  it 
is  a  question  as  to  whether  this  or  the  presence  of  the  tubercle  badllui 
is  the  cause  of  the  caseous  necrosis. 
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fta.  167.— Pwiumv  TvasBULB  or  Lmia,  nro  to miu  wnu  old  (xU  Duju.) 

-  lORlw  of  InfMtloii  w»a  *  cuaoo*  paritMittU.  (>0  rnrtloti  ot  mil  of  •  brmack  of  Ik*  palm 
UtKt  I  (%■  ^)  Biut  cclU  vlU)  eoDoeatile  aoaagtiaeiit  nf  Obroiu  Uanie ;  (0  ccfttn  of  tiib^«il«  t 
aiag  to  oMMta :  (tf)  •maU  branch  of  poljooiiuy  artei7  Men  on  ttmniTMM  meVaa ;  ^  ta^ 
OKpiUulM  of  Um  alvcnUr  walU. 


C.  Sometimes,  more  particularly  in  chronic  tuberculosis  of  th«  hng^l 
the  tubercle  does  not  caseate,  but  continues  to  live  on  and  deTdofi ! 
into  what  seems  to  be  its  ultimate  stage  of  organisation.  In  the  ee&tn^ 
or  nearly  so,  is  usually  a  large  giant  cell,  while  around  this  there  mqr  | 
be  several  smaller  ones.  From  the  periphery  of  the  giaot-cell  prorwi 
come  off.  which  after  radiating  from  it  for  a  certain  distanoe^  begin  to 
,  divide  and  sulNlivide.  Tliis  subdivision  of  the  processes  in  cooiae  of  ^ 
^ttme  produces  a  reticulum  whooe  meshes  vary  in  site.  Towards  tha , 
margin  of  the  tubercle  the  reticulum  becomes  condensed,  and  fon 
what  might  be  termed  a  eaptult  for  the  tumour.  It  is  this  capsolaj 
which  gives  to  old  tubercles  their  sharp  boundary  marpn.     WjiUb  j 
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tlie  meshes  of  the  reticulum  lie  two  kinds  of  cell.  The  one  is  small 
and  roimd,  and  goes  generally  by  the  somewhat  ambiguous  designation 
of  a  hfinphoid  corpuscle.  The  other  is  larger,  and  is  usually  termed  a 
small  tjiant  cell.  The  giant  cells  are  finely  granular,  and  show  large 
numbers  of  minute  oval-shaped  nuclei  either  aggregated  in  a  mass  at 
their  centre,  or  arranged  in  a  crescent  at  one  end.  Wagner  (No.  123) 
was   the   first   to  dcscrihe  this  peculiar  reticular  giant-cell  system- 
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Fra.  U>.— Fvtxv  DETKLono  RcTiouLAB  TiwncLi  OF  Lmo  (xlSO  DiAna.) 

(a,  a,  n)  i^ftnt  c«II« ;  Q>)  vmcuolo  In  nns  of  these ;  (c)  perlpbeni  capmle  of  Obroni  tiniu ;  (d) 
retlciilnm  of  tbe  tuberclo ;  (e)  Urgs  entlotheliuiu-llke  cclla  lying  on  tha  rntioulum  uid  within  itn 
maihes ;  (/)  ■iiudler  "  lymphoid "  cella  occapying  the  same  sitnatlona  ;  (g)  p«Hptaeim]  flbrona- 
luokiny  bonier  of  tlie  giant  cell. 


Schiippel  (No.  152),  in  the  same  year,  also  drew  attention  to  the  re- 
ticular arrangement  within  tubercles  of  lymphatic  glands.  Gaulo  and 
Tizzoni  (No.  13,  vol.  Ixiii.  p.  386)  distinguish  three  zones  in  a  tubercle  : 
(1)  an  external,  composed  of  small  round  cells ;  (2)  a  lesser,  epithelial, 
or  middle  zone  containing  the  reticulum  ;  and  (3)  a  central  space  con- 
taining a  giant  cell. 

D,  If  tbe  tul)erclo  is  still  older,  tliis  reticular  giant-cell  system,  as 
it  is  called,  disappears,  and  is  replaced  by  a  simplo  mass  of  fibrous 


JXT~  ■~.-?;r-'T.K?  .^JJ  mr{>rE6         rABsm 


si  Tteri-CBK  nan  ant:  mm  fibrunt  torard* 
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of  time,  the  jirevitTOsly  uuiform  fibrous  border  s[jlits  up  into  bunrilea, 
the  nuclei  still  lying  iipon  them.  The  fihrous  transformation  ulti- 
mately seizes  upon  the  protoplasmic  remaina  of  the  giant  cell  m 
the  centre,  so  that  the  whole  giant  cell  and  tubercle  nodule  become 
converteii  into  a  mass  of  fibrous  tissue.  This  cicatrisation,  if  it  may 
be  80  called,  in  fact  represents  the  healing  of  the  tubercle,  and  is  the 
natural  course  it  follows  if  its  full  development  is  not  interrujited  by 
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Fio.  171.— REKiiixs  or  a  Giajtt  Onx  n  PnocDM  or  Fisnoua  TsAirsraKMATiox  (x400  Diaxs.) 
(a)  Simie  of  the  central  protoplumlc  put  (till  rcmslntng ;  (6)  tbe  peripheral  poHinn,  wbicli  ha4 

DOW  become  (lcYeU>[>p<l  Into  raticnUr  Obroua  Umog,  nuclei  axe  aeen  lying  upon  it :  (c)  the  nUcDlum 

eoiuUtut«U  \>t  tha  Qbruiu  tMrlpbary. 


caseation  or  other  contingency, 
vanishes. 


In  this  stage,  the  tubercle  bacOlus 


Liltmivrt  on  Tubtrclf-Slructiire. — Arnold  :  Arch.  f.  path.  Auat.,  liixiL  1880,  p.  377  ; 
Ihid.,  liixriu.  1882,  p.  S97.  Babes  :  IVst.  Me.l.  Chir.  Prenw.  lix.  1883.  Benda :  Berlin 
klio.  Wochiuclir.,  xxi.  18S4,  p.  177.  Charcot  et  Gombault  (Qiant  Cella) .-  Coinpt. 
rend.  Soc.  de  Biol.,  1880.  Comil  (Bloo<l  VesMibi) :  Arch.  <L  1.  t'hyMiol.,  1868 ;  al*>  (Giant 
Celh),  Conipt.  rend.  Soc  de  Biol.,  1880.  Councilman  (Hyaline  DegeneratioD  of  T.) : 
Med.  JahrV..  VVien,  lii.  1882.  Gibson  (Rirly  Stapivs)  :  Trans.  Med.  CTiir.  Soc.  Edin.,  iU. 
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Aicli.  d.  1.  Physiol.,  1880.  Klein:  Lynijilmtic  System  an<i  I'lilwrdu,  Hep.  Local  Got. 
Boonl.  1874-5,  No.  3.  Koenig :  Die  Tuborculose  d.  Knockeii  u.  Geleule,  1884. 
Schiippel :  Arch.  f.  path.  Anut.,  Ivt,  1872,  p.  38.  Semmer :  Arch.  f.  path.  Anat., 
ImlL  1880,  p.  646.  Thaon  :  Itecheriilies  »ur  I'Anat.  path,  lie  la  TubereiUosc,  1873. 
Vallat  (Hyaline  Degeneration  oVi  :  Arch.  f.  |>ath.  Aunt.,  lixxix.  1S82,  p.  193.  Vermeil : 
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Arcb.  r,  path.  Anat,  xiv.  1858,  p.  47  ;  aUo,  Die  kranhafteu  Gexv^huul^te.  Weig^eit 
(Serous  Membranes):  Dent.  ined.  Wochnwher,  1883,  Iz.  ;  aUo  (Theory  of  Uiaut  Cells), 
Dcut.  Med.  Wochikscher.,  xL  1885,  p.  599.  Ziegler :  Untennich.  ttb.  d.  Herkonft  d. 
Tttberkelelemte,  1875. 


DEGENERATIONS. 

324.  (1)  Catemis.  This  is  by  far  the  commonest,  and  it  invariably 
commences  at  the  centre  of  the  growtli.  The  cause  of  its  frequency 
is  explained  ou  a  double  basis ;  firstly,  that  tubercle  is  a  non-vaficular 
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GLANDULAR  COMPLICATION. 

325.  The  glands  connected  with  tubercular  organs  usually  become 
enlarged,  and  the  enlargemeut  is  almost  always  due  to  tubercular  con- 
tamination. When  they  are  incised,  little  gray  points  are  found  scat- 
tered throughout  their  substance.  At  other  times,  where  the  tubercles 
are  very  abundant,  they  have  a  shining,  homogeneous  appearance, 
almost  as  if  they  were  waxy ;  on  microscopic  examination  it  will  he 
foiuid  that  the  cause  of  this  is  a  ditluso  tubercular  infiltration.  The 
giant  cells  in  these  tubercles  of  lymphatic  glands  are  often  very 
beautiful. 

Preparation. — This  depends  a  good  deal  on  what  it  is  desired  to 
bring  out.  To  demonstrate  the  bacilJus,  harden  in  "A,"  and  stain  by 
the  Ehrlich-Weigert,  Ziehl-Neelsen,  or  othtr  method  (see  Sect.  84) ; 
clarity  in  oil  of  cloves,  followed  by  oil  of  bergamot  or  xylol,  and  mount 
in  Canada  balsam  or  gum  dammar  dissolved  in  xylol.  The  colour  of 
the  bacillus  is  much  more  permanent  in  xylol  balsam  or  dammar 
than  in  lac  prepared  with  chloroform  and  turj)ent)ne,  or  when 
an  excess  of  oil  of  cloves  is  left  in  the  preparation.  It  will  be 
found,  however,  that  the  individual  bacilli  aro  not  so  evident  with 
high  powers,  when  mounted  in  this  medium,  as  when  examined 
simply  in  oil  of  cloves,  the  loss  in  definition  being  due  to  diminished 
transparency.  To  see  the  characters  of  the  caseous  centre,  harden  in 
"C,"  followed  by  "A" ;  stain  in  perosmic  acid,  and  mount  in  Farrants' 
solution.  This  method  does  also  excellently  for  tlie  demonstration  of 
the  reticulum.  The  general  characters  of  the  tumour,  as  seen  with  a 
low  power  (50  diams.),  may  be  beautifully  demonstrated  by  hardening 
in  "A";  staining  in  hiematoxykne,  followed  by  eosin  spirit;  clarifying 
in  oil  of  cloves ;  and  mounting  in  solution  of  gum  dammar. 

Preparation  of  SjnUiim  (see  Sect.  88). 

ARTIFICIAL  TUBERCULOSIS. 

326.  If  an  animal,  such  as  a  guinea-pig  or  rabbit,  be  inoculated 
suljcutaneously  with  the  conttintis  of  a  softening  cheesy  deposit  con- 
taining the  tubercle  l)acillus,  it  develops  a  tubercular  eruption  in 
most  of  its  organs  within  a  fortnight  to  six  or  eight  weeks. 

Method. — A  small  incision  should  be  made  into  the  skin  of  the 
neck  or  back ;  the  cellular  tis.sue  is  to  bo  separated  for  some  distance 
80  as  to  form  a  sinus-like  pouch ;  and  into  this  some  of  the  infecting 
material  should  lie  introduced  on  an  bse  (Sect.  75).  Either  the  con- 
tents of  a  cheesy  cavity,  tubercular  sputum,  or  a  cultivation  of  the 
bacillus  may  be  employed.  They  may  also  be  injected  subcutaneously 
if  a  mixture  in  water,  or  in  J  per  cent  salt  solution,  is  used  as  a 
vehicle. 

A  cheesy  abscess-like  cavity  will  usually  be  found  at  the  point  of 
inoculation  after  from  three  weeks  to  a  month,  and  the  neighbouring 
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lymphatic  glands  vnl\  be  seen  to  be  swollen  and  to  contain  tnlNDdM, 
Within  the  lung  there  is  generally  an  abundant  eruption  of  minnto 
golatinoiis  or  cheesy  nodules. 

Lung. — Accoi-ding  to  Klein  (No.  118),  artificial  tuberculosia  in  tb* 
lung  of  the  guinoa-]>ig  is  characterised  by  the  formation  of  baodi  of 
adenoid  tissue  around  the  alveoli,  and,  subsequently,  by  the  produc- 
tion of  nodules  having  an  intra-alveolar  site.  The  first  change,  prob- 
ably, consists  in  a  proliferation  of  the  endothelium  of  a  branch  of  the 
pulmonary  artery,  thus  forming  a  small  nodule.  The  neigh boahi 
lymphatics  subsequently  become  filled  with  adenoid  cells,  giring 
to  the  appearance,  of  lynipliudenoid  cords.  The  epithelium  witLia ! 
the  alveoh  also  jiroliferatos  so  its  to  caune  nodular  de^Kisits ; 
afterwards  caseati-,  but  the  cord-like  lymphiidenoid  deposits  never  da 

Peritoneum. — When  the  inoculation  is  made  into  the  peritoaal 
cavity,  it  occasions  a  more  or  less  difi^use  ])eritonitis,  with  a  tabeiels 
eruption  over  the  fieritoneum.  It  may  ultimately  end  in  a  geneni 
tuberculosis.  Klein  {loc.  cit.)  describes  the  nodules  as  growing  fnm 
the  endothelium  of  the  surface,  with  a  stoma  in  their  centre.  Tht 
lyiupiiatic  ve.s.sels  later  on  become  highly  tubercular. 

Hyeball. — WL<.'ti  injected  into  the  anterior  chamber  of  the  ty9t  • 
tubereularisation  of  the  iris  follows,  with,  it  may  be,  in  cotrrM  of  time, 
a  general  tubercular  eruption. 

XrUeraturt  o«  Art(/ifial  TubtrruUmt. — Arloing'  ;  Cniujit.  ren<l.  Acid.  d.  Sc.,  V^JU, 
1884,  p.  661.  Baumgarten  :  Zt«clir  f.  klin.  Mv<\.,  h.  18$5,  p.  93.  Bonlcjr:  U^ow 
lie  Patiiolo^e  comiari'e,  \bh2.  Cohnhetm  and  Frankel :  Arch.  f.  fMh.  Aa«t,  al(. 
1860,  p.  216.  Herard  and  Cornil :  U  Ththisie  rultiioualrv.  Kerinr:  KMoto- 
Ki»-b«  11.  ox|><>rim«ntr]l<-  Simlivii  (ti>.  d.  Tu)>i'rculoM>,  1S73.  Hoffmann  :  DmM.  Attk. 
{.  klin.  M«)..  1$67,  p.  116.  Lebert  and  Wfsa  :  Arch.  t.  paUi.  Anau,  sL  1M7,  ^ 
H2.  Klcbs  :  Arch.  C  path.  Aii»t.  xUx..  1870,  p.  291  :  al»>,  Arcb.  t  Mcpw.  rirtk. «. 
I'hamiokol,  xvii.  1SS3,  p.  I.  Kocta :  .Mitth.  a.  d.  k.  GctniiKlbeilMiiita,  tt.  ISM.  p,  I 
Kussner  :  Iv-ut.  mi."!.  WwhuKhr.,  ii.  1883,  p.  525.  Martin:  R<t.  de  itial,  IL 
1$8'2,  p.  •2S».  Sanderson  :  lircmt  RcMwcbea  on  Artificial  Tobercolcite,  ISS7 ; 
K«p.  to  Mb.1.  Off.  I'rtvy  Couuoil.  1868-9;  alto,  Brit.  Mel  Joun...  186«,  I.  p. 
al*>,  Priiciltioiivr,  xxix.  1S82.  p.  \S6.  el  »m].  Sanderson  and  Simon:  M«*l.  1 
ud  Ciu.,  l.S'l.4,  i.  p.  481.  Scbuchardt  (Iri*  tulMrreuIrxi.) :  lim>Uu  AcnU.  2t 
It.  18^2.  S^e:  Rer.  Sd.iiL.  i>iill.  1884,  p.  (1.S4.  Sternberg  (Ii^adiiai  It 
matten  ah<l.  invity):  Anu  Jonrn.  Mnl.  Sr.,  Ixxilx.  18^6,  p.  17.  Tappetacr:  DML 
Aroh.  r.  kill).  .MmI.,  xxix.  18S1.  Virchow:  Drit.  Mad.  Joan.,  IWI,  U.  |k  M 
Wilson  Fox  :  Tho  Artitlcial  rroducUon  of  TubercoloaU. 


LIABILITY  OF  DIFFERENT  ANIMALS. 

327.  Of  all  animals  the  rabbit '  and  guinea-pig  teem  to  take 
di^H^m^  most  readily.     liomod  cattle  die  from  the  disease  in 
ntunbers,  e8i)ecially  those  techDically  described  as  "  deqp  nilkera,* 
the  dog  and  cat  are  less  susceptible  to  it     The  hone,  mole,  and 
do  not  seem  to  become  frequently  tubercuhir,  but  all  the  qtudnunan* « 

>  It  hw  bMu  tuiixmbnl  liy  WaldenborK  (Ko.  188,  p.  167)  that  m  nbfalta  dnnk  Uttb 
U  ksy  water  tb«7  sn  tDors  liable  to  •  dry  <^mrj  matemorpboaia  thaa  o(kw  Mi™- 1. 
Is  a  CVriOSS  ftwt  that  •xeeaalre  beer  driokan  aaldom  dta  frotn  caMOOS  pMhlila 
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are  very  lia!ile  to  its  ravages,  and  are  readily  inoculable  (Krialiabor 
and  Dieuhifoy,  No.  153,  No.  34,  1881). 

The  disease  in  cattle  is  known  in  Gennany  as  "Perlsucht"  or 
"  Fninzosen-Krankheit,"  and  in  this  country  it  goes  by  various  un- 
.scientific  names,  but  usually,  at  the  present  day,  simply  by  that  of 
"  tuberculosis."  As  in  Man,  it  is  sometimes  localised  to  a  particular 
set  of  organs,  such  as  the  digestive  ;  or  it  may  bo  general,  in  which 
case,  the  serous  membranes  largely  participate.  Veterinary  surgeons 
affirm  that  it  is  more  common  in  iiighly  bred  animals  than  in  those  of 
coarser  grain,  and  that  there  are  certain  characteristics  hy  wliich  they 
can  prognose,  as  in  tlie  human  .subject,  what  animals  will  be  likely  t«) 
fall  victims  to  it.  For  long  it  was  doubtful  whether  "  Perlsucht "  and 
human  tuberculosis  were  alike  and  duo  to  the  same  poison.  Schiippel 
(No.  13,  Ivi.  p.  38)  and  others,  however,  showed  that  the  nodules 
in  both  have  an  identical  stnicture,  and,  since  then,  the  tubercle  bacillus 
has  lieen  found  ahumhintl}'  in  the  former.  Lydtin  (No.  49,  i.  1 884, 
p.  59 1 ),  from  his  researches,  hns  made  out  a  complete  identity  in  the 
two  diseases  in  regard  to  their  contagiosity,  structural  peculiarities, 
and  geographical  distribution.  Virchow  (No.  43,  1880,  Nos.  xiv.  and 
XV.),  however,  has  drawn  attention  to  the  fact  that  the  "Perlsucht" 
nodules  become  very  hard  and  fibrous,  have  little  tendency  to  caseate, 
but  readily  calcify.  In  human  tuberculosis,  on  the  other  hand,  casea- 
tion is  the  rule,  and  calcilicatiou  is  uncommon. 

CONTAGIOSITY  OF  TUBERCULOSIS. 

328.  Villemin  (loc.  eit.)  was  the  first  to  clearly  demonstrate  that 
cheesy  tubercular  deposits  are  inoculable.  Since  then  the  numerous 
experiments  that  have  been  made  clcai-ly  point  to  its  being  one  of  the 
most  contAgious  of  diseases.  Toussaint  (No.  40,  T.  93,  No.  v.  p.  281) 
from  his  many  experiments  on  various  animals,  concludes  that  no 
disease  is  more  rcadiEj'  inoculable  than  tuberculosis,  and  that  the  sus- 
ceptibility of  rabbits  to  it  is  as  great  as  in  the  case  of  anthrax.  All 
the  liquid  secreta  of  the  bodies  of  tubercular  animals  are  bearers  of 
the  poison,  and  a  transference  of  the-se  to  sound  animals  induces  tuber- 
culosis. The  poi.son,  moreover,  can  be  maintained  at  a  temperature 
which  destroys  the  anthrax  bacillus.  He  thinks  (No.  40,  T.  93,  No. 
^-i.  p.  322)  that  cattle  kept  in  stalls  close  together  become  rapidly 
tubercular  from  contagion. 

MEANS  OF  CONTAMINATION. 

329.  The  channels  by  which  the  tubercle  i)oison  may  gain  entrance 
to  the  body  are  numerous.     Tho  chief  of  thcra  are  the  following: — 

A.  By  Inoculation. — When  the  [wison  is  introduced  subcutaneoualy, 
the  disease  is  reproduced  with  great  certainty  (see  Sect.  326).  It  is 
remarkable,  however,  that  the  contraction  of  the  disease  through  super- 
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ficial  wounds  of  the  sldn  in  the  hunwn  subject  is  rHre.'  PathologiHta 
working  often  for  hours  at  a  time  with  their  hands  immersed  in  tba 
contents  of  phthisical  cavities,  have  never  l>een  known  to  beeooM 
generally  tubercular  from  this  cause.*  It  hits  been  asserted  that  tlM 
tubercle  bacillus  is  present  in  certain  diBsectioii  wounds,  but  fuxtlnr 
confirmation  of  this  would  seem  to  be  required.  If  it  lie  present,  for 
some  unknown  reason,  it  does  not  tend  to  spread  into  the  sy«t«m 
generally,  but  remains  localised  to  the  ]>oint  of  inoculation,  it  wooU 
be  extremely  interesting  to  know  whether  those  dissection  wooaiU 
having  a  peculiarly  indurated  character,  and  which  are  vory  intrwtablib 
are  tubercular. 

B.  Through  the  Ingesta. — There  cannot  be  the  Bligbt«st  doabc 
that  contaminiite<l  focHi  may  be  a  fertile  source  of  communicMtng 
the  disease.  Orth  (No.  13,  Ixxvi.  p.  217)  showed  that  if  rabbtM 
have  "  Perlsucht "  tissues  mixed  with  their  food  they  mpidly  becotac 
tabercular,  the  tubercles  showing  themselves  on  the  pharynx,  inte» 
tine,  lung,  and  serous  membranes.  Semmer  (No.  15i>,  1877)  experi- 
menting on  something  like  one  hundred  dogs  with  the  tiscuvs  of  tfair^ 
tubercular  cows,  was  unsuccessful  in  inducing  it  He  concluded  that 
the  dog  enjoyed  an  immunity  to  the  attacks  of  the  disease  throa^ 
this  channel  Lange  (No.  160,  1880,  p.  309)  was  more  nniufwful 
with  rabbitA,  dogs,  and  fowls,  using  the  tubercular  tissues  of  »t»tH«?f 
dead  from  Perlsucht.  Klein  and  Gibbes  (No.  161,  It<^'«4-85)  foond 
that  although  guinea-pigs  are  affected  both  by  bovine  and  by  hnukn 
tubercular  matter,  they  are  more  susceptible  to  the  latter  than  to  th$ 
former.  With  rabbits,  on  the  other  band,  the  susceptibility  it  reveiMd. 
Fischer  (No.  104,  xx.  p.  446,  1886)  showed  that  the  tiamee 
tubercular  rabbits  are  highly  contagious  when  a  solution  of  them 
swallowed  by  other  rabbits. 

PhtJuskai  sputum  is  eminently  contagious  when  smUlowwi  As 
Klebs  and  Valentin  pointed  out,  it  is  through  svallowing  the  ex- 
pectoration that  the  intestinal  mucous  membrane  becomes  tabwtnhr 
in  pulmonary'  phthisis.  Wesener  (No.  1 58)  rondero<l  a  hurge  proper 
tion  of  rabbits  tubercular  by  feeding  them  on  phthisical  qiotam. 
Klein  and  Gibbes  (loc.  cU.)  were  similarly  successful.  Ehied  epotat 
according  to  Wegener,  is  equally  virulent  The  bacilli  in  all  «aat$ 
were  found  abundantly  in  the  nodules. 

Inttanocs  of  direct  contamination  from  the  s})Utum  of  a  phUutiatl 
moUuT  or  nurte  have  of  late  boon  recorded.  Herlerich  (No.  182,  Na 
xxvi.  1883)  deacribes  the  case  of  a  widow,  formerly  healthy,  who  wa« 
married  to  a  phthisical  man.  Two  children  bom  of  the  first  majTBge 
as  well  oa  the  first  of  the  second  marriage  remained  free  from  any 
diaeaae.  The  two  following  children  were  sound  during  the  firfll 
months  of  their  life.     Sj'mptoms  of  phthisis  aftenranla  showed  tbem- 

*  BulUi^er,  Kocli,  «»d  Schmiilt  1iav«  ■{>«ci^ly  drawn  attcatiaa  to  tb*  dlflkcnltj  ot 
iaocaUting  tubtrde  uerrly  tbroiush  icratcbc*  of  the  ikin. 

*  8m  mmaelad  osm  by  Venwuil,  Ho,  15$,  ziii.  1884. 
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selves  in  the  mother,  and,  upon  this,  both  of  the  last  mentioned  children 
became  tuhercular.  At  the  autopsy  on  the  children,  cheesy  bronchial 
glands  were  found,  along  with  niiracraiis  cheesy  nodules  in  the  lungs, 
spleen,  liver,  and  kidneys.  The  children  had  been  nourished  at  the 
breast,  and,  later  on,  with  food  which  the  mother  ha<l  i)reviously  chewed. 
The  commencement  of  the  disease  in  the  cliildrcn  Mas  traced  to  the 
presence  of  deep  yellow  coloured  ulcers  on  the  mouth  and  throat. 

Another  remarkable  case  is  recorded  by  Reich  (No.  43,  No.  xxxvii. 
1878).  In  Nenenburg,  a  village  of  1300  iuhahitants,  the  midwifery 
practice  was  divided  between  two  women,  one  of  whom  was  ])hthisica), 
and  ultimately  died  from  the  disease.  Of  the  children  delivered  by 
this  woman,  from  llth  July  1875  to  2!)th  September  1876,  no  less 
than  ten  died  of  tubercular  meningitis,  and  not  a  single  one  with  a 
hereditary  history.  In  the  practice  of  the  other  midwife  no  such 
mishap  came  to  pass.  Both  were  in  the  habit  of  removing  mucus  in 
the  air-passages  from  the  newly-born  ciiild  by  aspiration,  and  they 
established  respiration  by  blowing  air  into  the  nioutL 

De  Lamaller<ie  (No.  49,  ii.  Ab.  i.  p.  124)  relates  the  following 
instance  of  supposed  infection.  A  soldier  returning  home  imported 
the  disease  into  an  isolated  spot,  where  previously  it  was  unknown, 
and  infected  his  wife  with  it.  Later  on,  a  robust  woman,  having  little 
immediate  communication  with  them,  became  infected.  It  was  found 
that  she  had  received  fowls  from  the  man  and  his  wife  which  had  been 
allowed  to  consume  the  sputa,  and  that  one  of  the  fowls,  examined 
by  De  Lamalierte,  proved  to  be  tubercular.  As  many  as  sixteen  of 
these  fowls  had  been  consumed  in  a  half-cooked  state  during  four 
months. 

Milk  fram  tuberatlar  cows  seems  to  be  a  certain  means  of  inducing 
tuberculosis  when  ingested.  It  is  most  virulent  when  tttken  from  a 
cow  suffering  from  tuhercular  disease  of  the  udder,  but  even  when 
derived  from  a  tubercular  animal  in  which  the  udder  is  sound,  it  is 
capable  of  exciting  tuberculosis  in  animals  fed  on  it.  According  to 
Bang  (No.  160,  1885,  p.  45)  and  Bollinger  (No.  163,  No.  xvi.  1883, 
and  No.  49,  i.  1883,  p.  626),  the  bacilli  are  abundant  in  the  milk  from 
such  udders.'  They  mostly  contain  spores.  For  a  month  or  so  after 
the  disease  has  commenced,  the  milk  continues  to  be  apparently 
unaltered,  even  although  it  may  prove  to  be  highly  contagious,  It 
subsequently  becomes  thin  and  serous. 

Peuch  and  Toussaint  (No.  154,  No.  xv.  1880)  rendered  pigs 
tabercular  within  thirty-five  days  by  feeding  them  on  milk  taken  from 
a  tubercular  cow.  Bang  (loc.  dt.),  Bollinger  (he.  cit.),  and  Wesener 
(loc.  cit.),  have  had  similar  experienca  The  tuberculosis  is  chiefly 
located  in  the  intestinal  mnanis  membrane  and  in  the  mesenteric  glands. 
It  is  »  question  to  Ih3  solved  in  the  future,  as  to  whether  the  tabes 
mesenterica  of  children  may  not  be  due  to  a  similar  cause. 

Tx^culaT  Udder. — Bang  (Ivc,  cU.)  states  that  the  tubercular  udder 
''  The  author  has  couSnned  this  obaenrntioii. 
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in  cows  is  not  so  rare  as  might  be  supposed.  A  diffuse  r»twV—  tuaunr 
forms  in  one  or  other  quarter  of  the  gland.  The  large  sia  «i  ibt 
udder,  its  unusual  hardness,  and  the  complete  absence  of  sigitf  ot  op- 
poration  are  distinctive  diagnostic  feature&  At  first,  the  disMse  ijyiaw 
to  be  a  diffuse  infiltration,  but  soon,  distinct  yellow  cheecj  f^h' 
show  themselves  in  it.  Within  the  large  milk  dacts  are  noiMnai 
nodules  which  contain  the  bocillos  abundantly.  The  latter  is  diselurgad 
in  quantity  into  Uie  secretion.  In  from  two  to  four  months  the  ■■•«~'* 
ilie  in  an  emaciated  condition. 

Tuberadosis  of  Human  Mamma. — Cases  of  this  disease  in  tlie  fanasn 
female  have  been  recorded  of  late  by  Dubur  (So.  165)  and  Daral  (Ka 
1G6,  No.  ix.  1882).  and  by  Poirier  (Na  167)  both  in  the  fanak  aod 
male.  In  nearly  all  the  cases  the  disease  begins  as  an  absccw  «kich 
opeog  and  leaves  a  sinus  which  will  not  heal  Clieesy  mosses  are  fooad 
in  the  gland,  and  the  neighbouring  Ij'mphatics  of  the  axilla  and  root  of 
the  neck  become  swollen  and  caseate. 

Cooking  of  thtfiiah  of  tuhtrcular  animals  must  be  Terr  thofitxi^  ia. 
order  to  destroy  its  virulence.     Toussaint  {lo(.  eil.)  found  that 
pieces  of  the  muscle  of  a  tubercular  sow  were  cooked  oxer  a  gaa  flans 
like  a  beef-steak,  the  juice  squeezed  out  of  the  flesh  was  wqmhla  ol 
infecting  rabbits,  when  administered  to  them. 

LooaiUtt. — In  all  feeding  experiments,  the  stomach  and  upper  pari 
of  the  intestine  enjoy  a  remarkable  immunity  from  the  attacka  of 
the  disease,  while  the  lower  part  of  the  small  intestine  suflien  matL 
Wesener  (^e.  cil.)  suites  that  the  spores  when  swallowed  are  capahlt 
of  withstanding  the  action  of  the  gastric  juice,  while  the  bacilli  are 
destroyed  by  it. 

C.  By  Inhalation. — \Mien  liquids  containing  the  taljerde  badOiis 
are  sprayed  into  a  confined  chamber,  and  animals  of  various  Unda  are 
allowed  to  breathe  the  atmosphere,  the}'  rapidly  become  tnbereular. 

Schott«lius  (No.  13,  bcxiii.  p.  524),  Tappeiner  (Na  13,  Ixxiv. 
p.  393),  Wargunin  (No.  13,  icvi.  p.  366),  and  Weicbselbaum  (Na 
50,  No.  xix.  1882),  have  shown  that  animals  made  to  braatka 
phthisical  sputum  rarefied  throughout  an  atmosphere  by  BMaa 
of  a  spray -producing  apparatus,  even  after  only  a  few  rnhala 
readily  become  tubercular.  The  time  inter\'ening  between  tha  ta*, 
halation  and  the  advent  of  the  tuberculosis,  is  alraost  the  same  sa 
required  for  the  production  of  the  disease  by  inoculation.  TIm  hofi 
suffers  most,  but  other  organs  aUo  participate.  The  oodnlea  ia 
lung  have  tiie  character  of  little  lobular  intra^alveolar  deposits.  SfnA 
not  containing  the  bacillus  gives  negative  reenlta. 

Tvherclf.  bacilli  have  been  found  in  the  atmoifhin  of  apartauttta  m 
which  phthisical  patients  were  living. 

Schmidt  (No.  1G2,  Nos.  xlvii.  and  xlviii  1883),  collecting  tb*  daift 
of  such  apartments  by  allowing  it  to  fall  upon  platea  of  gtaas  e 
with  glycerine,  was  unable  to  reproduce  tubsrculoaia  in  rabbtta  bjr  tB>j 
ocolatioa 
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D.  Tuberculosis  from  causes  other  than  the  Tubercle 
Poison. — Wlioii  sul)stances  other  than  tul'iercuJar  iiruchitts  are  inhaled 
by,  or  are  inoculated  upon,  rabbits  and  guiiiea-pigB,  they  frequently 
occasion  a  tubercular  or  tubercle-like  eruption.  Pieces  of  sponge  placed 
in  the  abdomen  readily  excite  it,  and  it  has  been  asserted  that  powdered 
glass  has  a  similar  proi>erty.  Scliotteliua  (loc.  eU.),  Wargunin  (kc.  cil.), 
Weichselbaum  (loc.  cit.),  and  Martin  (No.  4,  No.  i.  p.  49,  1882),  have 
employed  various  substances  by  way  of  experiment — such  as  powdered 
cheese^  brain  snhstantf^  h/c^jpoiUum  seed,  cayenne  pepper,  and  pulvrristd 
cardharides.  They  caused  these  to  be  inhaled  in  the  form  of  a  fine 
spray,  with  the  i-esult  that  they  were  almost  invariably  able  to  pro- 
duce in  different  animals  an  eruption  of  tubercle-like  nodules  in  the 
lung  and  sometimes  in  other  organs.  Those  in  the  lung  seemed  to 
be,  in  most  cases,  of  the  nature  of  little  catarrhal  pneumonic  masses,  mth, 
in  some  instances  (Schottelius),  peribronchial  lymphoid  cords  or  nodules. 
With  Limlmrger  cheese  Weicliselbaum  occasioned  an  entption  in  the  lungs 
and  kidneys  of  dogs  after  fifteen  inhalations  during  seventeen  days, 
indistingiushable  from  that  resulting  from  the  inhalation  of  tuber- 
cular materials.  Boiled  fuJjercular  sputum^  when  introduced  into  the 
alxlomon,  usually  failed  to  induce  tuberculosis. 

There  is,  therefore,  no  doubt  that  various  organic  substances  intro- 
duced into  the  tissues  or  inhaled,  can  induce  in  rabbits,  guinea-pigs, 
and  other  animals,  a  disease  very  much  like  tuberculosis.  Koch, 
however,  asserts  that  this  cannot  be  transmitted,  and,  therefore,  must 
be  something  different  from  true  tubercle. 

Cheyne  (No.  193,  April  1883)  explains  many  of  these  cases  on  the 
supposition  that  the  substances  employed  are  contaminated  with  the 
tubercle  bacillus  before  being  introduced,  and  asserts  that,  when  they 
are  sterilised,  tuberculosis  does  not  follow. 

JMenUure  oh  Comttujiimty  of  Tiiherrle. — Acker :  Die  Uebertmgbarkeit  d.  Tubarcu- 
I(MM  duTch  die  Vocciuation,  1884.  Adam :  Statistics  of  Slaugbt«red  Tubercular  Oxen. 
Viraiiaw  and  Hinch's  JabreilMricbt,  1883,  i.  p.  62tJ.  Aufrecht:  Centralbl.  f.  d.  med. 
WiMMweh.,  zx.  1882,  p.  289.  Babes:  D«ut.  med.  Wochcnsibr.,  tx.  1883;  Babes 
and  Comil :  Jouru.  de  I'Auat.  et  Physiol.,  xix.  ISSS,  p.  456.  Bouley  :  Conner  Med. 
Par.,  uxiv.  1884,  p.  384.  Bninet :  Compt.  rend.  Acad.  vl.  S<.,  xcili.  1881.  T. 
Bnum  :  Deut.  med.  Wochnschr.,  Ui.  1886,  p.  178.  Castan  :  :Mout])«llicr  tiid.,  1869. 
Cbarrin  (Tuberculosis  iu  Foetus  of  wven  and  a  half  months) :  Lyon  MM.,  1873. 
Chauffard  :  Inoculations  de  lu  Mati^re  tuberculeuse,  1863.  Coundlmaa  :  Maryland 
Med.  J.,  Bftlt..  ii.  1882-83.  Crei8;hton  :  J.  Anat.  and  Phya.,  it.  1880-81,  p.  1 ;  alw, 
BoTin*  Tuberculosis  in  Man,  18S1,  Cutter:  Med.  and  Suig.  Reportor,  Phil.,  xlv. 
1881,  p.  136.  Damaschino :  Du  I'Etiologio  de  la  Tuberculose,  1872  ;  itlao  (Infonti 
at  Breast):  BuU.  et  Mem.  Hoc.  Mefl.  d.  HGp.  de  Par.,  iii.  1886,  p.  193.  Debove  : 
Progros  M«d.,  xt.  1883.  Dreyfus-Briaac :  Oar  Hob.  de  Mc-d.,  sviii.  1881.  Drys- 
dalc :  Recent  Views  as  to  the  Cawea,  etc,  of  Pulni.  Consumption,  1808.  Duret 
( Mammary  Tubercle) :  Progris  MM.,  z.  1882.  Famham  :  N.  Y.  MeO.  Jonm.,  xl. 
1884,  p.  288.  Fernet :  Gat  Hebd.  d.  M&l.,  xxii.  1885,  pp.  36-62.  Fleming  :  The 
Tnuumisaibility  of  Tuberculosis;  Brit,  and  For.  Med.  Chir.  Rev,,  liv.  lt<74,  Folet 
(T.  of  Mtmna) :  BolL  Med.  do  Nord.,  LUle,  xi.  1885,  p.  891,  Gerlach  :  Ueb,  d. 
Impnitfkeit  d.  TnbareuL  Areh.  f.  path.  Auat.,  li.  1870,  p.  290  ;  Jahre^b.  d.  k.  Tliier- 
anmelachole  in  Hannover,  1869.  Habennaas  :  Ueb.  Tubercutose  der  Mamma,  1885. 
Heitzman :  Med.  Rec.,  N.  Y.,  xxiii.  1883.  Lydtin  and  Fleming  (Uercdity,  Flesh 
and  MiUc  as  Food) :  Vet.  Joum.  and  Ann.  Comp.  Path.,  Load.,  xvii.  1883.      Martin : 
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Arcb.  de  Physi.,  riii.  1881.  pp.  40-272  ;  aim  (Non-IofectiTe  Propertk*  cf  Talw«da  I 
Irrilouts  olhur  ihnn  true  Tubercle),  Cutiipt.  ruud.  Soc  de  BioL,  iU.  ISSl'St; 
(MUk),  Kev.  de  Med.,  ir.  1884,  p.  150.  Martin  de  Magny:  Coatrib.  i  rto* 
i'lnocal.  tubarculeuM  ches  I'Honune,  1886.  Merlden  (Iii(K-iiIati<>D  of  Flngw):  1 
et  Mrm.  Soc  MM.  d.  Hdp.  de  Paris,  ii.  1885,  p.  231 .  Meyerhoff :  ZlkIit.  L  klla.  1 
TuL  1884,  p.  572.  Middeldotpf  (lafeciion  from  Wotuid  irf  KneB-Joiiit) :  FMMk 
liiA.,  iv.  1886,  p.  249.  Nosotti :  CclU  posiibte  tnuioaiiriflM  diUa 
(from  Fleth  and  MUk),  18S5  ;  Gior.  d.  Soo.  ttal.  d'ig.,  riL  1$S5.  f^.  S7.  Pta^ 
kett:  BoTJne  Tubercnlosia — Soaree  of  Human  Dii<<>awi  hdiI  Dratli,  IS&Sl  R^HOai 
■nd  J.  Arthand :  Arch.  O^n.  d.  Miid..  1883,  i.  p.  26.  Richard  (MUk) :  Kn.  dTBnk 
vi.  ISSi,  p.  35.  Rohlff:  Beitrag.  ram  Prage  v.  d.  ErMkOikt.  .(.  Tul«fraU  I8S( 
Sanderson :  Practitioner,  xiix.  1882,  p.  186,  et  leq.  Schmidt :  ArruJ.  Ibu  BL, 
Manicb,  xxx.  1883,  p.  607.  Strieker:  Wien  med.  Prcoc,  iiri.  18S&.  p.  IMt, 
Talma:  Dent.  med.  Wochnschr.,  tii.  1881.  Tonsuiat  (C  throagh  Joic*  o{  Cbokal 
Meat) :  Oompt  rend.  AcatL  d.  So.,  xciiU  1881,  p.  281.  Tacbcrninr :  Fortail*.  A, 
Med.,  iii.  188S,  p.  65.  Villemin  :  txadea  lur  U  Tuberculose,  18M.  Vircfaow:  IMk 
die  Perlracfat  iL  Hsaiithiere,  etc,  Berl.  klin.  Wochuiclir.  1880,  No.  14.  WaU  (lakr- 
tion  from  AmpiitntioD  Wound) :  Wien  Died.  Bl.,  ix.  1886,  p.  541.  Walley  :  lit*  Fbar 
Bovine  Scourges,  1879.  Webb :  Fact*  •erring  to  prow  the  ContaRino«ue«»  o(  Ttt>M^ 
culoias,  1885 ;  Tr.  CoU.  Ph^  PhilL,  riii.  1886,  p.  71.  Weber  i  CVniuBVafak- 
biUty  from  Hujband  to  Wife) :  Tnuu.  Clin.  Soc  Lond.,  1874.  Whitner :  Du^a 
M«d.  and  Surg.  Joum.,  cr.  1881.  Williams:  VetoiiuuT  Medjcise.  Yeo:  Og» 
tagionineH  of  Pulm.  Conaimiplion,  1882.  ZborowsU  (Beport  on  Oonta^oattjr) : 
Hebd.  (L  8c.  MefL  de  Moutiwl.,  vii  1885,  p.  219. 


TUBERCLE  AND  SCROFULA. 

330.  It  was  long  supposed  that  scrofulous  depoeita  were  soiiMtldag 
difTerent  from  tul)ercular.  Of  late  years,  however,  the  reoognitaoa  of 
the  fact  that  tul^rculosis  may  Ijo  lociilised  to  a  particular  tianw  or 
organ  hue  tended  to  do  away  with  this  distinction.  Bauiugartaa'i 
inoctdation  exporiments  (No.  93,  No.  xxii.  1882)  aeem  to  show  tliat 
the  whole  three  diseases,  Perlsucht,  Tubercle,  and  Scrofala,  an  alilui, 
iu  80  far  at  least  as  they  contain  a  common  virus.  Grancber  (Na  ISO, 
Nos.  liv.  and  Iv.  1881)  is  of  a  like  opinion. 

LUtrttw^  on  IXtterde  and  Ser(tfula.— Addison  :  Tnuu.  of  the  Pror.  and  Med.  Ajbm.. 
1816 ;  al*>,  Ouy's  Hmp.  Rep.,  1845  ;  afjo,  Lond.  Med.  Gax.,  1842.  AUbntt :  (Tin.  i^e- 
tme on 8. ,  1 8H5.  Anccll :  Tuberciilonit,  Conniniption,  and  ScrofuU,  IH'yi.  Articalas : 
8«v(ttlawetTaberimloM,lSS5.  Bizzosero  :  Oax. med.  itaL,  UmK,  1874.  Boafftrct: 
Lyoo  MM.t  xU.  Ua.  Butlin  :  Si-rofuls  and  Tabemloais,  IntvnuL  EwTcl.  of  SWfWJ, 
L  IMl.  Da  Caatel :  Union  M.^  xxii.  1881.  Clark  (Local  InflaaHMlteM  aad 
Pulmonary  P1ithi«U) :  Brit.  Med.  Joam.,  1870,  II.  p.  471.  COTOil:  BalL  ai  Htm. 
Soc.  M/hI.  <1.  Hdp.  do  Par.,  xvli.  1881.  Damaachino :  bulL  et.  Mem.  floe.  MM.  A 
UAp.  d»  Far.,  xiii.  1881.  FMol:  Bull,  et  Mem.  S>^'.  M^il.  d.  HAp.  da  Par.,  «HL 
1881.  Ferrand  :  Union  M^L,  xixi.  1881,  i>.  87.  FriedUnder  :  Ueh.  it  BiiriiWif 
cwticheo  Lnpua,  Scopaloee,  n.  Tnbcreuloa<<.  GIOTer :  Patli,  ami  Tbcnpu  «t  Soolkllk 
Craacber :  Scrofale et  Tab«rculoM,  1881 ;  Union  MH.,  xxxviit  1884,  ^  SOIL  KaHhT 
(BmsUIoi  in  Local  Scrof.  Depo«iU) :  Berl.  klin.  Wockenachr.,  xii  18M,  i>|v  SS,  <]. 
■□•Mr:  Uaion  Mt'd.,  xxxi.  1881.  Koch:  Die  Skrophelknnkbeitan  in  *Um  Orm 
OwtaltMi,  WUn.  1845.  Labbe :  Union  Med.,  xxxl.  1881.  Lebert :  Trtft^  da  Mdl 
Servph.  et  Taberc.    Lehmann  :  Pvnt.  med.  Wachiuu:lir.,  t  ' 'iS.     Lnbaa^tj 

Cnion  Mrd.,  xixi,1881.     Lynch:  Scrofula,  SysL  Prect.  >  .  I'luU.,  ll.  IMIb  ' 

p.  831.  M'Cormac:  IHilm.  Oomnmptioa  and  tkrufaU,  i^.^.'  Peter:  MnL  Gb 
Ua|k.xzvi.  1885.  pp.  12.  27.  PStiba:  Hoadboeh.  I.  1869.  Rendu:  Unlott  MM.] 
xxxl.  1881.  p.  49.  Thaoa :  Union  MM.,  nri.  1881.  p.  40.  Treeves :  Scrotala  aa4 
Tu>«nl.-,  1882.  Vidal:  Union  MM.,  xxxi.  1881.  Villemin:  Union  MM..  xnLlMl. 
Virchow:  Die  kiaulc.  G«cliw111ate,  ii  1866.  p.  620  :  .i/»>  (Pbymati»  TnbMwkaiik  ■. 
Rraunlie):  Arrh.  (.  path.  Anat.,  xxxiv.  1865,  p.  U.  Wooteo  («(p.  BeaMTcb  oa  T.  aMl 
B.) :  Dnb.  J.  MoL  St.,  Uxs.  1885,  p.  290. 
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PSEUDO  •  TlTBERCTTLOSIS. 

331.  Under  this  name,  Eberth  (No.  13,  c.  p.  15,  1885;  also 
Ibid,  ciii.  p.  488,  1886)  has  described  a  peculiar  disease  of  guinea-pigs 
and  rabbits,  which  in  its  general  features  resembles  tuberculosis,  but 
differs  from  it,  in  that  the  tubercle  bacillus  is  absent 

The  aljdorainal  orgiins  are  most  aftected,  and  many  of  the  lymph 
glands  are  enlarged  and  caseous.  The  disease  manifests  itself  as  a 
Dodidar  eruption,  each  notJiiIc  Jjeing  very  minute.  The  nodules  are 
either  isolated  or  in  groups,  and  arc  situated  in  the  various  abdominal 
organs.  The  liver  appears  to  be  the  head-centre  of  the  disease.  It  is 
usually  cirrhosed,  and  in  the  midst  of  the  cirrhotic  tissue  are  cheesy 
foci,  whihv  in  the  immediate  vicinity  of  these  are  Uttle  cellular  nodules 
similar  to  those  seen  in  other  parts.  The  disease  of  the  liver  is 
evidently  older  than  that  of  other  parts.  It  is  not  due  to  an  animal 
parasite  such  as  a  cysticercus  or  pentastoma,  nor  do  the  nodules  con- 
tain psorospermia. 

It  differs  from  tuberculosis  in  the  fact  that  there  is  little  tendency 
to  the  disease  spreading  into  the  lung ;  the  bronchial  glands  are  not 
usually  affected ;  and,  if  so,  only  in  a  minor  degree.  In  sjiontaneous 
tuberculosis  of  these  animals  the  lung  is,  as  a  rule,  the  chief  focus  of  the 
deposita 

The  nodules  appear  to  contain  several  organisms,  or,  at  any  rate, 
several  stages  in  the  development  of  a  bacillus  differing  from  that  of 
tubercle  both  morjthologically  and  in  its  reaction  with  staining  reagents. 

A  similar  disease  was  set  up  in  the  guinea-pig  by  Malaasez  and 
Vignal  (No.  4,  1883  and  1884)  throiigh  the  subcutaneous  inoculation 
of  tubercle  taken  from  a  tubercular  meningitis  in  a  child,  It  was 
easily  reinoculable,  and  contained  no  tu1>ercle  bacilli,  but  Kooglcea 
masses  of  a  bacillus  were  in  abundance.  They  named  it  "  tuberculosa 
zoogl(Sique." 

Preparation. — The  organisms  are  with  difficulty  coloured  by  ordinary 
methods.  Eberth  recommends  Liiffler's  stain  as  the  best ;  it  colours 
them  brilliantly.  Stain  in  a  mixture  of  100  c.c.  potash  solution 
(1 :  1000)  and  30  c.c.  saturated  solution  of  methylene  blue  for  from 
six  to  seventy-two  hours.  Wash  out  with  acidulated  water  (5  drops 
glacial  acetic  acid  to  20  c.c.  distilled  water)  for  from  one  to  two 
minutes ;  and,  sultsequently,  with  alcohol  (80  per  cent)  for  a  like  time. 
Clarify  by  the  usual  means. 


Lvpus. 

332.  This  is  a  skin  disease  about  the  pathology  of  which  there  was, 
until  lately,  considerable  difference  of  opinioa  There  does  not  seem 
to  be  much  doubt  now,  however,  that  the  disease  is  closely  allied  to 
tubercle,  if  not  identical  with  it — a  localised  tuberculosis. 
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Sites. — These  are  chiefly  u{ioa  the  nose  and  cheeks,  bat  it  nay 
also  grow  upon  the  skin  of  the  buttocks,  extremities,  or  trunk. 

General  Charaders. — It  commences  in  the  form  of  several  smaU  red 
vascular  nodules  which  are  not  painful.  They  increase  in  mm  and 
extent,  and  become  covered  with  white  epidermic  debris.  If  tbt 
lupus  is  of  the  variety  known  as  "  non-exedens,''  these  noda)«a  in  tiaM 
simply  cicatrise,  and  leave  a  firmly  contracted  scar  often  catutQg  Bnck 
deformity.  The  nodule,  however,  more  commonly  ulcerates  and  mdci 
the  tissue  (lupus  oxedens).  The  ulcer  continues  to  spread  in  one  part 
and  to  cicatrise  in  another. 

Nature  of  the  Disease. — Various  conjectures  as  to  its  nature  veic 


•^, 


v'm. 


* 


Piu.  I7!(.— StcniMi  TKBovoa  k  Li'rv»  Xoocui  or  m  Xeu. 

formerly  made  by  Yirchow,  Auspitz,  and  others,  but  it  was  not 
Fricdlandcr  (No.  13,  1874)  published  his  paper  on  the  subject,  that  h 
waa  8uspect<fd  to  be  tubercular.  He  found  that  tho  noduiea  coDtaiaad 
a  giant-coll  structure  similar  to  that  of  tulwrcle  (Sect  323,  C).  This 
(No.  34,  Lxii.  1879)  and  others  have  continued  these  observations. 

Not  only  have  tho  nodules  sometimes  the  reticular  character  of  a 
tubercle,  but  Koch  (No.  44,  voL  ii.)  has  demonstrated  tbe  tabartk 
bacillus  in  tliem.  It  is  very  sparsely  distributed,  however ;  so  much  sn, 
that  he  met  with  it  in  only  one  out  of  twenty -seven  of  a  particular  set 
of  proparationa,  and  in  only  one  out  of  forty-three  preparationa  in 
another.  He  was,  however,  able  to  make  a  pure  culture  of  the  bacillm 
from  it  Vidal  (No.  150,  Nosl  liv.  and  Iv.  1881)  describes  a  diMast 
which  he  calls  "tubercle  of  the  skin."  It  corrvs{)onds  histologiealljr 
with  lupus,  but  differs  from  it  in  being  readily  inoculable. 

The  neighbouring  lymph  glands  become  implicated,  and  F^iedliader 
haa  shown  tliat  their  enlargement  ia  not  due  merely  to  a  lympt 
but  to  multiple  small  tubercle  nodules. 
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LiUiratwre  <m  Luput.  —  Auspitz:  Oestr.  Me<l.  Jalirb.,  1864.  Bender  (Lupos  and 
Tnbertjle):  Deut.  Meil.  Wochuscbr.,  xii.  1886,  pp.  306-413.  Block:  Vrtljsclir.  f. 
Dormat.,  Wien,  xiii.  1886,  p.  201.  Doutrelepont :  Vrtlj»chr.  f.  Dennat.  xi.  1884,  p. 
2S9.  Eichom :  Zar  Aetioloi^e  d,  L.,  ISS-i.  Gamberim  :  II  Lupii<)  li  una  Tnberculosi, 
188S.  Hebra  and  Kaposi :  Discasus  of  Skiu  (t.r!tIl^l.),  N.  Syil.  Stjc.  Hyde :  Journ. 
Cat  and  Ven.  Din.  N.  Y.,  ui.  1885,  p.  324.  Leloir :  Vrtljschr.  f.  Dematol.,  xj.  1884, 
p.  803 ;  aUo,  Ann.  de  Dvnuat.  et  Sypli.,  rii.  1886,  p.  328.  Neumann :  Text  Book, 
Hkin  DiMose*.  Pohl :  Arch.  f.  path.  Anat.,  vi.  1854,  p.  174.  Virchow :  Die 
krtmUufteii  OegcliwiUsle. 


SyPHIUTIC  GUMlklATA. 

333.  Definition. — A  gumma  is  a  portion  of  a  tertiary  syphilitic  in' 
jiarnvuitorij  deposit  which  ha3  undergone  caseation  in  a  peculi^trli/  circum- 
seribed  nmrwer. 

It  should  not,  strictly  speaking,  be  classified  among  the  neoplasms, 
seeing  that,  in  reality,  it  is  merely  a  degeneration  of  a  tissue  resulting 
from  a  peculiar  forin  of  inflammation. 

General  Description. — They  are  cream  yellow  masses  of  doughy 
or  almost  horny  consistence,  with  a  sharply  defined  border.  They  do 
not  occur  in  an  otherwise  sound  part,  but  are  an  accompaniment  of 
the  peculiar  cirrhosis,  to  whicli  the  lung,  liver,  and  other  organs  and 
textures  are  subject  in  tertiary  syphilis.  The  gummuta  ai-e  pieces 
of  the  newly  formed  granulation  or  young  cicatricial  tissue,  which 
have  necrosed  and  caseated.  The  dense  semi-fibrous  basis  in  which 
they  lie  is  usually  arranged  concentrically  around  them,  so  as  to  con- 
struct a  spurious  capsule  from  which  they  can  sometimes  be  enucleated. 
They  vary  iu  size  from  a  millet  seed  to  that  of  a  walnut,  and  are, 
sometimes,  quite  round  ;  while,  at  other  times,  they  present  a  sinuous 
outline. 

Microscopically,  the  caseous  centre  is  amorj)hou8,und  will  be  found 
to  be  without  any  vestige  of  cells  or  fibres,  provided  that  the  caseation 
is  complete.  When  the  gumma  is  incipient,  the  fibres  of  the  newly 
deposited  cicatricial  tissue  become  at  first  dusky  and  granular,  but 
are  still  seen  to  be  continuous  with  the  jiarts  in  the  neighbourhood. 
At  a  later  period,  a  complete  separation  of  the  living  from  the  dead 
ensues.  The  enveloping  tissue  is  usually  like  that  found  in  any 
young  cicatrix,  with  this  exception,  that  its  small  round  cells  are 
aggregated  in  heaps  or  depots  iti  certain  localities,  particularly  in  the 
iounediate  vicinity  of  the  caseous  part. 

The  ARTERIKS  found  in  the  closely  adjacent  sclerosed  tissue  usually 
show  great  thickening  of  their  tunica  intima,  so  considerable  as,  in 
many  instance.s,  to  amount  to  complete  obliteration  of  their  lumen. 
This  has  been  alleged  to  be  the  cause  of  the  necrosis,  and,  doubtless. 
the  peculiarly  sinuous  border  which  gumraata  frequently  exhibit,  has  a 
certain  resemblance  to  that  of  the  territory  of  distribution  of  a  small 
artery. 

Sites — The  liver,  kidney,  spleen,  periosteum  of  long  bones  such 
as  the  tibia,  and  that  of  the  flat  bones  of  the  skull,  are  the  favourite 


localibieB.  Certain  cirrhosed  lungs,  in  which  guinmatottB  -  looloBg 
cheesy  masses  are  present,  appear  to  be  syphilitic  in  their  natara. 
(See  Greenfield,  No.  192,  1876.) 

Absorption. — Gummata  are  in  course  of  time  removed,  but  not  by 
softening.     The  necrosed  tissue  is  gradually  absorbed  from  the 
inwards,  a  little  calcareous  mass  being  often  all  that  is  left  to 
its  .site. 

Bacillus.— Lustgarten  (No.  45,  Nov.  12,  1884  ;  No.  46,  L  1885; 
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tia.  Kt.—QvuMiitovt  UirATiTn(x40  bum.) 

oantre  iif  t)t«  ^mina ;  (^)  iDikllKMU  InDltnUnD  mmn  it  ktwnt  It :  (^  r     <  .  > : 
;  <(/)*>uin  trUTy  with  h]rpertra[>hl«l  ml<l(U«  coat  (nvmstoxjrlnM  iir :  r.-  i;i.v 


and  Na  47,  March  27,  1885)  has  domonslnitod  the  presence  of  a 
bacillus  in  chancres  and  in  gummata,  resembling  that  of  tubercle,  which 
iio  regards  as  being  specific.  This  has  also  been  hi-ld  by  some  to  be 
the  cause  of  the  caseous  necrosis.  (For  further  juirticulara see  "Hard 
Chancre,"  and  Practical  Bacteriologj-,  under  "  Staining  "). 

Prtparation, — Harden  in  "  A."  Stain  in  htematoxylone,  and  rnoant 
in  Farrants'  solution ;  or  harden  in  "  A,"  and  stain  in  perosmie  add 
and  picro-carmine.  Mount  as  before.  To  stain  the  baciUos  eoonli 
Sect.  85,  Part  I. 

Lit-  "i/plkilitic  Oummn. — Conaiilt  tritlMioic*  enaincralri]  at  p.  SO  aadlh— 

Cornil  rMuL),  1882.     Baumler  :  (  yt.  I'm.^  M«l.,  v.  Zi«mMa.  tti.  1875, 

I..2.  ii— .._:u.i;  Uettuw  on  Sypb.  UBtaitU  und  Pt-rxMilK  li^Tt.  Htafaacr:  Mt 
ibsUmIm  Hkknaknnf  d.  Q«>UnMJt«iaa,  1874.    Laacereaioc:  TnatiM  «■  fljrpMDi 
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(tmuL),  N.  Syd.  Soc.,  1868-9;  oIm,  Gu.  d.  h6p.,  1876.  Langf:  Wiec.  MetL  Preme, 
XXV.  1884,  pji.  1176,  et  if'i. ;  IbuL,  ixvi.  1880,  pp.  9  and  43.  Greenfield  (SeTenJ 
Memoirs  on  Arteries,  Gumniata,  Syph.  Pneuiiiouia,  etc.) :  Trans.  Path.  Soc.  Lond., 
1876-77.  Oppert:  Visceral  and  Hered.  Sypli.,  1868.  Virchow :  Arch.  -f.  path. 
Aiiat.,  XV.  1858,  p.  217 ;  alto,  Die  kraukbafUn  Ge-^chwlllst^,  ii.  p.  393.  Wagner : 
Arch.  d.  Ueilk.,  iv.  1863,  p.  \,etaeq.\  Ibid.,  v.  p.  121.  Wilks :  Trana.  Path.  Soc. 
1868,  ct  mq. 

Lil/mifure.  vn  SyphilittC  B<icillux.—Alwez  and  Tavcl  ;  PrOgT^  M^d.,  ii.  1885,  p. 
135  ;  AicU.  dti  Phy.'^iol.,  vi.  1885,  p.  303.  Cornil :  Bull.  Aoad.  da  MM.,  xiv,  1885,  p. 
1039.  Doutrelepont  and  Schiitz  :  D«ut.  iiuhI.  WDchuschr^  xL  1885,  p.  320  ;  Cen- 
tralbl.  f.  (.'liirurp.,  xiii.  1886,  p.  66.  Giletti:  Qior.  iul.  d.  mal.  ven..  xxvL  1886,  p. 
282.  Hugo-Marcus :  Nouvellea  Recherche.i  6ur  le  Microbe  do  la  Syphilis,  1885. 
Klemperer :  Oeut.  med.  Wochnschr.,  xi  1885,  p.  809.  Lustgarten :  Wien.  med. 
Wochiintlir.,  XTxiv.  1884,  p.  1389  ;  Ibid.,  xxxv.  1885.  p.  517  ;  Ijiiicet,  1885,  i.  p.  609  ; 
Die  8)-pliUia-badllrn,  18S5.  Zeisder :  Chicago  Med.  Joum.  and  EbLani.,  i.  1885,  p.  113. 
Zeissel:  Wien.  Med.  Preaie,  zzvi.  1885,  p.  1512. 


Gekeral  Instructions  for  Examining  Tdmodrs. 

334.  The  greatest  care  must  be  exercised  in  pronouncing  upon  the 
nature  of  any  tumour.  Tlie  life  of  a  patient  frequently  hangs  uf>on 
the  opinion  arrived  at,  .ind  hence  an  error  in  diagnosis  and  prognosis 
by  the  oi»erating  surgeon  is  much  to  be  deplored,  and,  in  most  instjinces, 
is  inexcusable.  The  mamma  may  be  cited  as  an  organ  in  which  a 
correct  estimate  of  the  course  a  tumour  located  in  it  will  probably 
take,  comea  to  be  of  extreme  importance,  and  as  being  a  field  in  which 
mistakes  in  this  very  direction  aro  bo  common.  The  following  sugges- 
tions may  ser^-e  as  an  aid  in  the  examination  of  tumours  generally ; 
detailed  instructions  for  the  e-xuminiition  of  tumours  of  special  organs, 
such  as  the  mamma,  will  be  found  along  with  the  description  of  the 
diseases  of  the  organ  concerned. 

1.  Recent  Examination.  —  If  there  is  any  doubt  as  to  the 
nature  of  a  neoplasm,  it  may  tjo  well  to  excise  a  small  portion  before 
its  complete  removal.  If  this  is  not  deemed  advisable,  and  if  the 
tumour  has  been  excised  toadhj  on  the  strength  of  its  presumed 
benignity,  make  a  small  section  of  it  in  the  ether  freezer,  and  examine 
it  before  closing  the  wound. 

2.  Clinical  History. — Always  inquire  into  this  before  coming  to 
a  conclusive  opinion.  The  rapidity  of  growth,  whether  it  has  recurred 
after  a  previous  removal,  etc.,  are  points  of  the  greatest  moment. 

3.  Locality. — Take  notice  whether  it  has  arisen  from  the  cjnlheliuvi 
covering  an  exposed  surface,  or  from  a  gland  lined  by  epithelium ;  or 
whether  it  has  eprung  from  a  tissue  of  mesoblastic  origin,  such  as  a 
l)one,  fibrous  tissue,  muscle,  etc.  Remember  the  difference  between  an 
epithelium  and  an  endothelium  (Sect  305). 

4.  Naked-eye  Appearance. — Bo  e-xtremely  careful  in  pronounc- 
ing upon  the  nature  of  a  new  growth  from  microscopie  eramination  alona 
Carefully  note  whether  it  has  a  border  sufficiently  sharp  to  allow  of  its 
being  enucleated.  If  so,  the  probabilities  are  that  it  is  not  a  primary 
eanteroua  tumour,  but  that  it  belongs  to  the  conneetim  tissue  dass. 
Seeondary  cancerous  tumours  sometimes  have  a  sharp  border,  primary 
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Mldom  if  ever.  Then  notice  its  consistence,  coloar,  mabtee 
the  presence  or  absence  of  fat  tissue  in  its  midst,  the  oeemTMlM  ct 
haemorrhages.  Cancers  are  seldom  hsemorrhagic;  the  atfooontftfr^ 
quently  are.  The  presence  of  true  melanine  is  also  of  eoarM  •  abOBg 
indication  of  its  Itolonginf;  to  the  connective  tissue  class. 

5.  Microscopic  Examination  of  Hardened  Tumour. — Moa 
of  the  tumours  are  best  hardened  in  spirit  (see  SpecijJ  Tam(mn)i  Cte 
the  sections  in  the  freezing  microtome,  stain  with  tuious  mgantii 
mount  some  of  them  in  Farrante'  solution,  clarify  others  vai  mooft 
in  solution  of  gum  danunar.  Always  examine  the  tumour  with  a  low 
power  (45  to  50  diams.)  before  proceeding  to  the  further  ezuninatioa 
with  one  higher  (300  to  450  diams.)  In  the  general  seaa  of  thi 
preparation  obtainable  with  the  lower  power,  notice  whether  it  ia  chkSj 
cellular,  fibrous,  or  a  mLxture  of  the  two.  If  cellular,  obaenre  the 
general  shajKi  and  size  of  the  cells  so  far  as  this  can  be  done  with  the 
magnifpng  {>ower  employed.  If  fibrous,  try  to  make  out  whether 
the  fibres  are  composed  of  white  fibrous  tissue,  muscle,  etc  If  a 
mixture  of  the  two,  note  (a)  whether  the  fibres  form  meshea  which 
contain  the  cells,  and,  if  so,  whether  the  cells  spring  from  the  walla  of 
the  fibrous  alveoli  (e.g.  alveolar  sarcoma),  or  whether  they  merely 
pierce  into  the  fibrous  interspaoea  (e.g.  cancer).  Also,  whether  iIh 
cells  tend  to  form  fibres,  and  whether  the  fibrillation  is  going  on  mare 
actively  at  certain  parts  of  the  tumour  than  at  others.  With  the  hi^ 
power,  complete  the  examination  on  the  same  lines.  Take  special  note 
of  the  presence  or  absence  of  the  histological  ngnt  r/  mttliynoncf  prwi- 
onsly  mentioned  (Sect  274). 
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335.  Tabu?  of  Classifikd  Tumours. 

Fibroma 

MoUiucum  fibrosuni 

Nenromm  (6broas} 

Paiufal  snbcutkocoas  tubercle 

Lipoma — type  in  adipoM  tiMoe     > 

Chondronw — type  in  eurtilo^pB        J 

Fibro-cbondrooia — ty]>e  in  white  I 

fibiTMrartilage  \ 

Oaleoma — type  in  bone  l 

Myoma— ty(ie  in  nioaclc  (alriated  I 

and  uaatriated)  / 

i.  C<mfovmd  HittUrid  Tumottn. 

Blood-angeionia — type  in  a  blnod*  t 

Te««l  / 

AacBriim  s 

Lymph  aagaiMiia — type  in  a  lym- 1 

pbatio  veanl  ' 

Keturoina  (true) — tyjw  in  a  nerra-  n 

gaagliOB  I 


llaaohlHttCi 
and   of  ItacMi 
tUMM  lypa. 
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Malignant  . 


Usually  benign  but  may 
become  malignant    . 
Benign 
Malignant   . 


0.  Sarcomata. 
Round-cell 
Giant-cell  or  Myeloid 
Glioma 

Alveolar  Sarcoma 
Angeio-Sarcoma 
Malignant  Epalia 
Mulniiotic  Sarcoma 
Cylindroma 
Lympho-sarcomo 
Psanunoma  (!) 

D,  EpiOulutmata. 
Papilloma 
Advuoma 
Cutan«ou«  boms 
Cancer 

El  Tumourt  due  to  action  of  a  Vege- 
table Micro-organism,. 
Tubercle       Gamma  (?) 
Luptu  Condyloma  (?) 


Mesoblnstic 


Epiblastic, 
Hypoblastic, 

and 
Meaoblastic  (f) 


Malignant  and  Benign     | 


F.  Anovuiioiu 
CoiulrueUon. 
Cyst* 
Polypi 


Tuiiumrt    of  varunu 


Otneral  Literatun  on  Tiimmiri. — Abraluiin (Blood-vessels  of  New  Growths) :  Trans. 
Acad.  Mod.  Ireland,  1S83,  i.  p.  145.  Bard  (General  Path.  Anat.)  :  Arch,  de  Physiol, 
norm,  et  path.,  v.  1865,  p.  247.  v.  Bergmann  (Congenital  Sacral  Tumours):  Berl. 
kliu.  Wochimclir,  xxi.  1884,  pji.  761,  7S0.  Beyer:  Beitrage,  t,  Cssuititik  d.  congeu. 
Sacraltumoren,  1885.  Billroth :  Surgical  PatholoKj-,  N.  8yd.  8oc,  1877-8.  Boll- 
inger (Tiinioar-fonning  Fungus  in  Horso  ;  microcorcia  holryogema ;  belryomycosU) : 
Sitxnngiib.  d.  Oesellgch.  f.  Morphul.  u.  Physiol,  in  Miinchen,  1887,  iii.  p.  5.  Butlin 
(On  Malignant  Disease  ;  Tumours) :  Holme«'  Surg.,  1888  ;  also,  Ashurst's  Encycl.,  iv,  1884. 
Filbry :  Ueb.  iudirukte  Zolltheilung  in  path.  Neubilduugen,  18SC.  Glog^er :  Ceb. 
cougcnit.  Sakraltunioreu,  1883.  Guillabert :  ^tude  critique  de«  clashiticAtiona  d. 
tumeors,  1885.  Hall  (Contribatioua  to  Etiology  of  Malignant  T. ) :  Ann.  Surg,,  ii.  1886, 
p.  4&0.  Jessett  (Tumours  of  Neck) :  Med.  Reg.,  Phila.,  1887,  p.  801  ;  Ibid.,  u.  pp.  1, 
25,  aud  49.  Koplik  (Hecent  Contributious  on):  Ann.  Surg.,  vi.  1887,  p.  409.  Leopold 
(Expcrimuntnl)  :  Arch.  f.  path.  Auat.,  txxxr.  1881,  p.  283.  Liicke  :  Pitho,  Handbuch, 
li.  Ab.  1,  1869.  Moore  (Cancer,  Tumours):  Holmes'  Surg.,  i  1883.  Pagvt:  Lectures 
on  Surg.  Pathology  (£d.  by  Turner).  Pbillips  (Congen.  Sacral  T.)  :  Med.  Times  and 
Gax..  1885,  li.  p.  501.  Ping:  Coutributiou  I'itude  do  I'heredite  d.  turoeurs,  1885. 
Renault  (Sacro-coccygian  Tumour):  Progrc'n  ui^d.,  ii.  1885,  p.  122.  Rosenberg: 
Ueli.  mediastinal.  Tnmoren  bei  Kindem,  1884,  Schaeffer  (Uintological  (liau^'es  in 
Muscle  at  Border  of  Tumours)  :  Arch.  f.  path.  Anat.,  ex.  1887,  p.  448.  Schubert: 
Ueb.  nirdiastiiuiltumoreu  bei  Kindem,  1887.  Senn :  Biology  of  Tumours,  1887. 
Sutton  (J.  B.)  [Teratomata] ;  Joum.  Comp,  Med.  and  Surg.,  N.  Y.,  viU.  1887,  p.  295. 
Virdl0^7 :  Die  krankhaftcn  Gcschwiildte,  1863-7  ;  alio  (Metaplasia),  Med.  Times  and 
Oat,  1884,  ii.  p.  309.  Williams  (VegeUble  Tumours,  New  Theory  of  NeopUaia)  ; 
TnuuL  Path.  Soc.  Lond.,  xxxviil  1887,  p.  336.  Zahn  :  Dent  Ztschr.  f.  Chir.,  zxii. 
1886,  p.  887. 
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Tire  BLOOD 


PROPOSED  DEFINITION. 

336.  ViRCHOw's  definition  of  the  blood  as  a  "  transitory  tiMoe  vitk 
fluid  intercellular  substance,  pcrmaneutly  containing  young  tinae 
elements  '  (No.  13,  ii.  1849,  p.  592)  is  retained  by  many  at  th* 
present  day,  and  its  diseasee  are  often  spoken  about  as  those  of  • 
fixed  tissue.  There  is  reason  to  believe,  however,  as  Osier  rifumka 
(No.  199,  xxix.  1886,  p.  377  ti  seq.),  that  this  definition  i*  somewfaal 
unfortunate.  A  tissue  has  the  power  of  reproducing  itself  from  onlikt 
materials  supiilied  to  iU  The  blood  has  not,  and  is  depcadMli 
on  ditTcrent  glands  and  gland-like  structures  for  its  maintenance  and 
repair. 

GENERA.L  ChARACTKRS   IN   HEALTH. 

337.  It  is  an  opaque,  red,  or  dark  purple-coloured  liquid  haring  a 
peculiar  odour,  and  an  average  specific  gravity  of  1055,  bat 
oscillating  within  the  bounds  of  health  coiisidorubly  above  and  bebnr 
this. 


Jonas  (Na  197,  viiL  No.  I,  18$*),  employing  •  modiflcation  of  Boy's 
asdmation  («ee  S*ct.  34 1),  fiiida  thAt  the  tpecific  gravity  ii  highest  at  birth  (IMI I 
both  Mxet).    It  it  at  •  rainimnn]  brtwwn  the  second  mtk  and  tlia  taooad  yMT, ' 
rises  to  a  potut  attaiued  in  ih«  male  hetireen  the  affas  of  Uiirty-6r«  and  farty-A«%i 
(106S'6),  ami  in  the  female  after  the  climacteric  (10&4-5).     It  trada  to  be  hi|^«  ia] 
the  niale  than  in  the  female.     The  ingeadon  of  mixed  food  canaea  a  diminotian,  i 
flxereiae,  if  gentle  and  not  too  prolong»d.  has  a  like  effect.     With  oopioas  ] 
tion  the  aiiediic  graritj  riaea.     Daring  pregnancy  it  falU 

The  colour  of  the  blood  in  the  new-born  child  i*  altnoat  bUck,  and  altboosh  tUl| 
dlmiaiahca  a«  raapiration  ii  establiahed,  yet  it  continues  to  be  dark  bliw  ooisvrsi  I 
ssraral  days  after  birth. 

It  is  composed  of  a  fluid  part,  the  plasma  or  liquor  sanguinis,  aadj 
of  partioalate  matter  in  the  form  of  corpusolea  anspendad  in  thia. 
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The  plasma  in  Man  is  a  clear,  slightly  straw-coloured  liquid, 
having  a  specific  gravity  of  1026  to  1029,  an  alkaline  reaction,  and 
tending,  when  kept  at  a  temperature  a  few  degrees  above  freezing 
point,  to  precipitate  fibrin. 

The  liquid  which  remains  after  the  separation  of  the  fibrin  is  the 
serum,  and  although,  in  the  act  of  coagulation,  certain  aolids  have 
been  thrown  down  from  their  previous  state  of  solution,  and  a  consider- 
able number  of  its  corpuscular  elements  (leucocytes  and  blood  plates) 
have  been  destroyed,  yet  this  doe^  not  materially  influence  the  specific 
gravity,  which  still  remains  about  1028. 

If  separated  from  blood  at  a  coniiderable  interval  after  a  meal,  the  seram  is  clear 
and  limpid,  but  if  a  few  hoars  only  have  elapsed,  it  presents  some  amount  of  milky 
turbidity.  This  is  very  apparent  in  some  animals  such  as  the  cat,  and  i«  dne  to  its 
containing  a  fine  fatty  emulsion. 

The  serum  also  has  an  alkaline  reaction,  more  alkaline  than  the 
plasma  from  which  it  has  been  derived. 

After  the  fibrinogen  has  been  cast  out  in  the  act  of  coagulation, 
there  still  remain  in  the  serum  the  following  constituents  : — 

(u)  Pi-otoiJ  matters. 
ifi)  Extractives  and  fats, 
(e)  Salt£. 

The  chief  of  the  proteids  are  serum-globulin  or  para-globulin,  and 
serum-albumin.  The  latter,  according  to  Hammiirsten  (No.  169,1878), 
is  more  abundant  in  human  serum  than  in  that  of  either  the  horse,  ox, 
or  ra>)bit 

The  extractives  are  mainly  kreatine,  kreatinine,  urea,  uric  acid, 
hippm-ic  acid,  succinic  acid,  xanthin,  and  hypoxanthin,  but  in  healthy 
blood  they  are  present  only  in  very  small  quantity.  Traces  of  grape 
sugar,  sarcolactic  acid,  and  indican  are  also  found,  and  a  yellow 
pigment  gives  the  serum  its  characteristic  colour.  Cholesterine  occurs 
in  the  dry  residue  in  varjing  quantitj'. 

The  neutral  fats  are  in  great  part  triolein,  tristearin,  and 
tripalmitin. 

Sodium  chloride  constitutes  the  chief  ingredient  of  the  ash  in  quan- 
tity varying  from  61  to  65'2  per  cent.  The  other  saline  compon- 
ents are  sodic  sulphate,  carbonate,  and  phosphate,  calcic  phosphate, 
and  magnesic  phosphate. 

Its  Quantity. 

338,  In  the  case  of  Man  there  is  always,  of  course,  great  difficulty 
in  estimating  this,  and  even  in  the  lower  animals,  the  results  are 
probably  only  approximate.  In  Man  it  is  generally  reckoned  as  ^  of 
the  whole  body  weight  It  amounts  to  less  in  childhood  and  in  old 
age  than  in  middle  life.  . 
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339.  Methods  of  Estimating.  —  Several  have  be«n 
and  put  in  use  by  Welckcr  (No  139,  iv.  1858,  p.  147),  Maluwx  (So. 
4,  ii.  1875,  p.  2C1),  and  others,  all  more  or  less  unsalisfActoty. 

Grehant  and  Quinquad  (No.  40,  xciv.  1882,  No.  xxiL  ;  aod  Xa 
SOO,  zriil  1882,  p.  564)  have  devised  a  means,  founded  on  Om  tuX 
discovered  by  Claude  Bernard,  that  carbonic  oxide  has  the  property  of 
forming  a  compound  with  haemoglobin  more  stable  than  that  iritfa  ite 
oxygen,  which  it  consequently  displaces.  They  start  with  a  gi**a 
amoiuit  of  CO  diluted  with  oxygen  and  hydrogen.  The  animal  to  ba 
experimented  upon  is  allowed  to  broatho  this  for  about  a  quarter  of  u 
hour,  and  by  comparing  the  amount  of  gas  contained  in  a  sample  of 
blood  withdrawn  from  the  animal  after  this  time  with  that  which 
remains,  and  with  that  which  has  been  expired  or  still  remains  in  tiM 
air  pass^es,  they  are  able  to  form  a  pretty  correct  eatimat*  hj  ft 
simple  calculation  of  the  total  quantity  of  blood.  The  method  pre- 
supposes of  course  Uuit  the  CO  mmliittes  rqunUtf  with  the  blood  in  all 
parts  of  the  body,  which  they  find  to  be  the  case. 

Thu.s  if  100  C.C.  blood  conUin  8  c.c.  CO,  and  if  64  tc.  CO  hw*' 
been  absorbed,  the  blood  volume  will  be  expressed  by : — 

8  :  100  :  64  :  X 

They  found  in  nine  researches  on  dogs  of  different  sixe  that  the  total 
amount  of  blood  was  from  -J-  to  -j^  of  the  body  weight 

Its  Corpusclkb. 

340.  As  previously  mentioned  (Sect  144)  they  ore  of  at  leaat 
three  kinds— ^Ae  ccloured  or  hamocyUs,  the  colourless  or  htuocfki,  and 
Uk  blood  plat&s  or  Eayem's  htematoblatU. 


THE  COLOURED  CORPUSCLES. 

341.  Structure. — These  are  composed  of  &n  interlacing, 
like,  albuminous  stroma,  whose  spaces  are  filleil  with  a  faintly  i 
substance,  the  haemoglobin.     The  stroma  is  hyaline,  and  is  not  coIooraU*^ 
by  staining  reagents.     It  corresponds  to  the  "  oikoid  "  of  Brticke.     Tbo 
contents  of  the  stroma  or  " zooid"  of  BrUcke,  are  capable  of  coloratioa>i 
Ehrlich  calls  the  stroma  the  "  disa^latma,"  and  the  contents  he 
the  "parapUuma." 

SoltUim  <if  Tannin  wm  shomi  b^  EotwrU  (No.  0,  July  ISO,  p.  70)  to  hara  thftj 
•ffaet  of  euuiiig  •  littla  hnmoganeoiu  proCnuioD  of  th«  content*  of  the  oorpuaele  I 
one  side;  And  fa*  &1m>  doroonstntcd  that  with  wlntion  of  Koaanilin  nitrmti  thai 
ooqmsctea  an  rendered  trsnipwont,  «phe>rical,  pale  roa*  red,  and,  at  one  point  is  1 
p«ri|ihery,  there  art  aometimea  aeen  two  dark  red  apota  either  sank  in  a  boUov  < 
the  *srf»ce  or  projecting  over  it 

Bindfleiaeh  (No.  201 )  c«Ucd  attention  in  the  same  ytAt  to  some  my 
phanooMna  which  follow  the  application  of  tolttitle  amilint  Utu  to  ain|jiibtia  1 
The  oorpuiclea  baoome  at  first  roondod  snd  dark  nd.     floddnly,  howaw. 
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usnnie  an  unusual  pallor  and  a  mass  is  projected  from  one  sido  which  stains  forth- 
with of  a  blue  colour.  The  mass  ia  divided  info  Ufo  layers — a  central,  which  stains 
of  •  deep  blue,  and  is  bomogoneous,  the  nucleus ;  and  a  peripheral,  which  bocomea 
loM  deeply  stained,  and  is  finely  granular.  Several  other  aniline  dyes  appear  to 
hare  the  same  action  (Laptschinsky,  No,  12,  Ixviii.  iiL  Ab.  Jalirg.  1873,  H.  i.-v., 
1874,  p.  148). 

In  Man,  the  coloured  corpuscles  do  not  jwssess  a  nucleus  nor  have  they  auy 
boundary  membrane. 

Boettcher  (No.  13,  xxxvi  1886,  p.  342)  was  of  opinion  thnt  tlip  coloured 
DOTpnicIes,  in  the  higher  mammals,  bad  a  shrunken  rudiuientary  nucleus.  They 
contain  about  50  ]ier  cent  of  water,  and  the  main  solid  component  is  hremoglobin 
(C  63-85.  H  /'Sa,  N  16-17,  Fe  0-42,  8  0'3{»),  the  substance  which  imj^artii  to  them 
their  colour. 

HiBmoglobiu  seems  to  be  a  compound  of  hfcmatin  (containing  the  iron)  and  a 
proteid  substance  closely  related  to,  if  not  identity!  witli,  globulin. 

Pvtaih  KtWi  and  phosphates  pro]x>nderat«  in  the  corymclo,  while  loda  sedts,  and 
more  especially  Moritifx,  prevail  in  tlie  serum. 

As  the  corpuscles  fonn  tlto  chief  solid  constituent  of  the  blood,  and  as  they  are, 
for  the  most  part,  composed  o(  hcemoglohi'n,  it  is  irajvossible  to  overrate  the  iniportanoe 
of  this  aabstauce  iu  almost  all  the  diseases  of  the  blood. 

342.  Size. — Thosizo  of  the  corpuscles  in  health  is  a  matter  which 
requires  to  he  very  carefully  investigated  before  studying  the  diseases 
of  the  blood. 

The  breadth  of  the  coloured,  according  to  Gulliver,  is  approximately 
7'9  /*  (tiW  to  TjisW  of  an  inch),  and  their  thickness  may  be  taken 
as  equivalent  to  about  1"8  /a  (nirnr  of  an  inch),  but  some  have  a 
diameter  of  only  6  5  p  while  others  may  reach  8'5  ;i. 

Osier  calculates  that  those  of  medium  size  comprise  about  75 
per  cent  of  the  whole,  and  the  largest  and  Bmallest  about  12  per  cent 
each.  In  the  new  bom,  and  for  some  time  after  birth,  the  maximum 
and  minimum  size  of  the  corpuscles  has  a  much  wider  range  (JO'3  to 
3'3  fi).  One  of  the  most  striking  altemtions  in  disease  is  the  reversion 
to  this  foetal  state.  To  the  sm.illest  corpuscles  (2  "5  to  3 '5  /i.)  the 
name  of  microcytes  has  been  given,  while  those  which  are 
unusually  large  (8  5  up  to  10,  12,  or  14  ^)  have  been  designated 
megalocytes. 

Gram  (No.  11,  ii.  1884,  p.  47)  gives  the  sijw  of  the  coloured  corpuscles  in  health  aa 
ranging  between  9'S  and  6*7  m>  And  states  that,  on  an  average,  the  most  of  them  are 
from  8*0  to  77  /i.  lie  dram  attention  to  a  curious  fact,  namely,  that  the  fnrther 
north  one  proceeds  the  larger  the  diameter  of  the  corpuscles  in  the  inhabitants 
beoomea.     He  quotes  the  undemoted  in  four  different  nations : — 

Italians  ....  7-0-7-6>i. 

French    ....  7  S-Z-B  /l. 

Germans .        .  .  7  "8  fi. 

Norwegians     .  .  8  '6  a^ 

343.  The  number  of  coloured  corpuscles  per  cubic  millimetre  of 
blood  in  a  middle-aged  male,  is  generally  considered  to  be  about 
5,000,000.     In  the  female  it  ia  somewhat  less.     Bouchut  and  Dubrisay 
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tMXtva 


BabtfaHki|>«r 

wnlrmrii  U 

ealam«L 

1:648 
1:700 
1:616 


(No.  204,  xiv.  and  rv.  1878;  No.  49,  1878,  i  p.  217)  give  th«f<rflow- 
ing  quotations  for  different  ages  : — 

Rod  OoIoarleM 

Age.  blood-  blood- 

corpuaclu.  ooipiuolM. 

From  2 J  to  5  years     .         .     4,269,911  6704 

From  2(J  to  30  years  .         .     4,192,687  611 S 

From  30  to  56  years  .  .     4,080,113  6931 

In  childhood,  there  is  no  difference  as  regards  sex,  but,  in  adult  life,  tlw 
coloured  are  fewer  in  women  than  in  men. 

344.  The  specific  gravity  of  the  blood  corpuscles  is  said  to  be  1  IDS, 
and  as  that  of  the  plasma  is  regarded  as  being  somewhat  len,  (lOSiX 
the  coq^uscles  tond  to  sink  if  coagulation  is  prevented.  Ilie  ■pedSe 
gravity  of  the  colourless,  as  preWously  explained  (Sect.  156),  must  be 
considerably  less,  although  never  exactly  determined  in  healthy  blood' 

Th«  above  stntemiitit  in  refeKnce  to  tb«  reUtiouBhSp  of  the  «p«cific  gnritus  «f  tkt 
oolonred  corpoiclM  and  pUsina  is  th»t  which  ia  unudij  soMpted.  Them  it  iffwm 
doubt,  however,  whether  it  be  correct  The  blood  it  rach  im  anstabla 
that  obeervstiotts  made  on  the  ipedfic  gntvitj  of  the  plaam*  and  eofpnerlea  ia 
which  hu  been  shed  more  than  a  few  momenta,  moat  necenarilj  be  sal 
No  one  can  pemae  the  acooont  of  the  besntirul  reiiearches  of  Hayem  bimI 
the  coagnlatiou  of  the  blood  without  feeling  that  all  such  obeervatioBS  d 
on  blood  within  the  veaaela,  or  with  apporatua  that  will  inpply 
phyaical  conditiona. 

Roy  (No.  216,  i.  188S,  p.  661  ;  alao  No.  2S5,  March  1884)  has  attenptad  U 
oTer  the  difficulty  in  the  following  manner :  A  drop  of  the  blood  ia  iatraduoid 
a  mixtnro  of  glycerine  and  wattir  of  known  specific  grarity,  and  notice  ia  tak 
whether  it  siolu  or  swima.     Dy  having  a  large  aelectiun  of  aoch  aolutiatta  a 
feud  in  which  the  blood  remains  neutral.     The  apecific  gravity  of  this  bitef 
ladioatea,  of  coune,  that  of  the  blood. 

The  extreme  inatability  iu  compo*itioD  of  the  blood  was  long  ago  pointed  oat  by 
Howaon  (No.  230,  p.  42)  and  illustrated  by  many  experiments.     Referring  to  tW 
that  in  blo<xl- letting  the  fint  evacuation  of  blood  sometimea  haa  an  ia 
cnut,  while  the  hut  has  none,  he  concludes  with  the  following  aentcnoe.     "  I 
fore  suspect  that  in  such  caaea  the  propertie*  of  the  blood  are  changed,  avaa  4l 
the  time  of  evacuation." 

IAmvi»tnm8fte^ficOnmU^tfBU>od.—TiKtf'.tA.ik.uiA».i.,xilit.  I8Sa,^14«. 

Jurin :  PhtL  TraiM.,  Lod<L,  v.   1700-20,  p.  320.    E.  Jones  Lloyd  (Va 
Health):  Jouni.    Phy«iol.,  C«mb.,  viU.    No,    1,   1687.     KOy   (Mctli<xl   (.f 
Ed.  Clio,  and  I>alh.  J.,  i.  1833,  |>.561. 


THE   COLOURLESS    CORPUSCLES. 

345.  These  are  granular  masses  of  protoplasm  containing  one, 
or  more  nuclei,  and  having  the  power  of  amieboid  movement, 
human  blood  they  are,  as  a  rule,  larger  than  the  coloured 
but  are  not  all  of  the  same  sixe. 

*  For  farther  details  reganllng  the  relationship  of  the  speciflo  ^rarity  of  tke 
poKlaa  to  that  of  tha  plaama  and  senim,  the  readsr  b  referred  to  ilewaoa'e  W«ka  (> 
UO)  and  to  CuUJver'a  taay  (No.  10.  Ixiv.  IU6,  p.  S80). 
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M«x  Schultze,  several  years  ago,  showod  that  the  leucocytes  circulating  in  the  blood 
could  Ik!  clasaiti«(i  into  several  aimtoiiitcal  grouj)a.  He  distinguished  (1)  such  as  are 
smaller  than  a  coloured  corpuaulr,  which  are  rouud  in  shape,  ftiid  wliosu  protoplasm  ia 
scaiity ;  <2)  those  which  are  round,  but  which  ore  nhout  the  size  of  a  coloured  cor- 
puscle ;  and  (3)  the  large  cella  with  abundaut  protoplasm,  and  whose  amceboid  move- 
ments  ar*  very  evidcut. 

Ehrlieh  (No.  91,  i.  1880,  p.  554)  haa  demonstrated  that  it  ia  possible  to  dia- 
tiii;i;uiMh  five  different  kinds  of  leucocyte  according  to  the  reaction  of  the  granule* 
within  them  to  aniline  dyes  ;  and  he  accordingly  designates  them  "a,"  "/S,"  etc., 
up  to  "("  leucocytes. 

SoiQK  of  the  granules  stain  in  acid  aniline  dyes,  others  in  hajtic  ;  while  a  third  set  is 
colourable  with  those  which  are  ntutral.  Tlio!W  »talimblo  in  ncid  dycii  are  met  with 
in  a  smalt  number  of  tbo  leucocytes  in  nomuil  Immwi  blood  ;  while  those  which  are 
sensitive  to  tho  basic  dyes  are  mostly  fonnd  in  Icticocylluxtaic  blood.  The  majority  of 
the  leucocytes  found  in  normal  linman  blood  are  alTectod  by  those  which  are  neutral, 
.ftis  (tWs  corrcsjwnd,  as  rcjttanis  their  powers  of  staiuing,  with  the  leucocytes  of  the  blood. 

The  gmnule.t  contaiiu'il  in  the  leucocytes  also  differ  from  each  other  in  respect  of 
their  solubility  in  different  ri>agents,  their  size,  form,  refraction,  behaviour  under 
high  tem[jeratures,  and  distribution  in  the  cell  body.  He  also  finds  that  the  granules 
of  the  "  fl"  leucocytes  stain  black  with  Iiuiuiiii, 

He  dries  the  blood  on  a  cover-slip  and  afterwards  stains  it. 

Bizzozero  (No.  4,  Mny  and  Angiist  1879,  Nos.  3  and  4,  p.  201)  distinguishes  fonr 
kinds  of  leucocyte  according  to  their  size,  nucleation,  etc.  In  Kos.  1  and  2  the  nu- 
cleus is  single,  in  No.  3  there  are  from  two  to  five,  and  in  No.  4  it  ia  single,  doable, 
or  dividing. 

Heyl  {DiMtrtation,  Dorpnt,  1882;  No.  11,  L  1883,  p.  406)  divides  the  leucocytes 
into  two  kinds  according  as  they  disappear  during  coagulation  or  not.  He  distin- 
guishes the  former  as  "a,"  the  latter  as  "^  "  leucocytes, 

THE  H.EMATOBLASTS  (JHAYEM)  OR  BLOOD  PLATES 
{BIZZOZERO). 

346.  These  have  already  been  described  (Sect  145),  and  it  only 
remains  to  remind  the  reader  that  they  raust  not  be  mistjiken  for 
Neumann's  hzmatoblastS  found  in  bone  marrow,  and  frequently 
referred  to  further  on. 

Halla  (No.  141,  1883,  p.  198)  finds  that  the  hseraatoblosts  .are 
rednced  in  number  in  continued  fever,  typhoid,  and  pernicious  anaemia ; 
while  at  the  end  of  pregniincy,  in  pulmonary  tuberculosis,  and  in 
inflammatory  conditions,  they  are  often  so  abundant  that  they 
become  eolk-cteil  into  bull-likc  mas-ses.  He  cannot  doubt  their  connec- 
tion with  tho  process  of  coagulation. 


Reaction. 

METHODS  OF  TESTING. 

347.  Owing  to  the  blood  being  of  such  an  opaque  red  colour,  ordin- 
ary methods  of  testing  the  reaction  are  unsuitable  when  applied  to  it. 
In  order  to  overcome  this  difficulty  various  ingenious  devices  have 
been  employed  by  Kiihne,  Liebreich,  Ziuitz,  Schafer,  and  others. 
I  2  G 
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Liebreich's  Method  (No.  227,  1868,  p.  48).— Small  pbtw  «l 
plaster  of  Paris  of  neutral  reaction  are  prepared.  After  being  cast  awl 
dried  thoy  arc  coloured  wiUi  neutral  litmus.  A  drop  of  the  blood  to 
be  tested  is  allowed  to  fall  upon  a  plaster  plate.  The  tlry  plailer 
readily  absorbs  the  liquid  and  leaver  the  corpuscles  on  the 
If  the  latter  Iw  washed  off  in  a  stream  of  water,  the  reaction  will 
indicated  on  the  spot  where  the  blood  has  lain. 

Schafer's  Method  (No.  179,  iii.  p.  292).— A  drop  of  the 
is  allowed  to  fall  on  glazed  papor  sligiilly  coloured  with  red 
On  wiping  it  off,  after  a  few  seconds,  the  reaction  will  be  indicated.* 

De  Renzi  (No.  13.  cii.  1885,  p.  218)  employs  thin  neutral  gyptn 
]>latos,  but  allows  the  blood  to  fall  on  one  side,  and  tests  the  rweliM 
on  the  opposite  witli  litmus  paper. 

REACTION  IN  DISEASE. 

348.  The  normal  reaction  of  the  blood  is  alkaline,  but  H  is  said 
to  possess  an  acid  reaction  in  leucocythzinia  (Scherer,  Xo.  13,  t. 
1864,  p.  51  ;  Pettenkofer  and  Voil,  No.  228,  v.  p.  320,  and  othen). 
It  is  questionable,  however,  whether  this  statement  am  bo  relied 
upon,  many  uf  the  obsonations  being  faidty  from  hario];  been  mads 
after  death,  or  from  some  other  cause. 

De  Rend  {lof.  cil.)  found  that  in  2  cases  out  of  59  fKitient«  mifrering 
from  vai'ious  diseases,  the  reaction  was  acid  (catarrhal  ictoroD  and 
suppurative  hepatitis)  ;  in  20  cases  it  was  very  weakly  alkalins  ;  in  19 
weakly  alkaline  ;  and  in  16  strongly  alk.'tlinc.      Its  n1k:dinity  incressMl 

by  the  consumption  of  alkaline  Carbonates,  Karlsbad  water, 
and  salicylate  of  soda.      Hydrochloric    acid    diminiabcd   fk 

After  death  it  gradually  lost  iU  aci<l  rciution. 

Littratun  on  Reaction  <if  Blood. — GamfCC  t  P1i}-sio|r>i;ical  ChemUtry,  1880^  p.  ' 
GicheitUen :  PhytioloKucbe  Hcthwlik,  |>.  S'J  I  ti  ttq.  kiihnc :  Arch.  r.  mth.  km 
xxxiii.  1865,  p.  96.  Lasaar:  Arch,  t  il.  k'^v  Physiol.,  Ix.  I^^4,  |>.  41.  De  RoMi: 
Arch.  (.  jiath.  Anat.  di.  1885,  p.  318.  SchAfer :  Jnam.  nf  Phj'iiial.  OuuK,  lU.  |k.  VO. 
Zunts :  OentimlbL  t  iL  med.  Wiaaetuch.,  1807,  p.  84. 

Estimation  of  the  ILeMooLOum. 

349.  The  nietho«ls  may  be  divided  into  those  which  ar«  foot 
upon  chemical  analysis  and  those  which  are  chromometric  in  their 
nature — that  is  to  say,  in  which  the  colour  of  the  blood  is  compared 
with  Certain  daiuUtril  etilour  Usls.  The  old  methods  boloDgod  aiww* 
entirely  to  the  former  class,  but  of  lato,  they  have  been  ia  great  part 
superseded  by  those  which  are  colorimetric. 


(I)  CHEMICAL. 

360.  By  the  Estimation  of  the  Iron.— This  is  one  of  tho 

known.     It  is  bused  upon  iho  fact  that  all  the  iron  of  the  blood  is 

>  This  paps  caa  be  had  bom  Mmv*.  Towimm  4  lUrow,  nii1imw|iti  Stml, 
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tained  in  the  ha?mogloliin,  that  it  is  equally  distributed,  and  that  it  is 
orcsent  in  constant  |)roportion.     Hence,  if  tlie  quantity  of  iron  in  a 

Itnple  of  blood  is  known,  the  corresponding  amount  of  hamoglobin 

in  be  readily  arrived  at. 
Other  chemical  methods,  founded  upon  the  estimation  of  the 
oxygen  contained  in  the  blood  (Quinquad,  No.  214,  p.  33),  or  on  the 
calculation  of  the  amount  of  hxmatin  (referred  to  by  Malassez,  No. 
4,  iv.  1877,  p.  4),  have  also  been  devised  and  put  in  practice,  but  all 
are  more  or  less  inconvenient,  owing  to  the  fact  that  they  are  lengthy 
and  complicated,  and  that  a  considerable  mass  of  blood  is  necessary 
for  their  accomplishment. 

(2)  COLORIMETRIC. 

351.  The  colorimetric  methods  are  much  more  easily  carried  out, 
and  have  been  found  in  clinical  uso  to  yield  results  sutHcieutly  accurate 
to  afTord  very  valuable  information. 

Malassez  (lor.  rit.)  divides  them  into  two  sets. 

In  the  former,  the  sample  of  blood  to  bo  examined  is  diluted 
with  water  until  it  agrees  in  colour  with  a  standard  coloured  solution 
whose  tint  has  previously  been  detennined  to  correspond  to  a  certain 
richness  in  Hb. 

The  principle  involved  in  this  system  is  alike  with  that  in  the 
methods  of  Hoppe-Seyler  (No.  30,  p.  385),  and  of  Preyer  (No.  20, 
cxl.  p.  187). 

In  the  latter,  the  dilution  of  the  blood  is  always  carried  to  the 
same  point,  and  the  tint  is  compared  with  a  standard  scale  of  colours 
equivalent  in  intensity  to  blood  coutaiuing  known  strengths  of  Hb. 
Such  are  the  systems  of  Welcker  (No.  221,  xliv.  1864,  p.  1 1  )  and  of 
Hayem  (No.  40,  July  10,  1876  ;  Na  218,  p.  47). 

852.  In  Hoppe-Seyler's  Method  ii  solutinn  of  oxyli*nioglobiii  of  known  strength 
is  placed  iu  s  ha-iiiatinuiucttir.  The  hii'iiiutinonicter  cuiisiiits  of  a  flat  veasoi  wboso 
sides  are  one  ctm.  ai>art.  In  a  sinilnr  liii'iiiatinometer  is  placed  the  blood  to  be 
examined,  dcfibriiiated  and  diluted  to  a  known  extent.  On  comparing  the  two,  it 
Mrill  probably  U^  found  that  tho  colour  of  tiic  blood  is  much  dce|)er  than  that  of  the 
solution  of  hivmoglobin.  Water  i:i  now  added  to  the  blood  from  a  graduated 
burette  until  the  two  colours  correspond.  By  a  sinipln  calculation  of  the  amount  of 
water  required  to  aecoropliah  tliia,  tho  quantity  of  hieraoglobin  in  the  blood  may  be 
determined. 

Preyer's  Method  is  based  upon  tlie  fact  that  if  a  solution  of  oxylucmoglobin  be 
plai.-ed  iu  tlie  hicmatiuomoter  (see  al>ove),  oiid  examined  8i>ectro.scopicaUy,  only  the 
rad  rays  will  pass  if  the  solution  l>e  very  strong.  If,  however,  the  solution  be 
diluted,  there  comes  a  time  when  the  green  rays  are  also  rendered  visible.  Tlie 
corrcspondiug  strength  of  biemoglobin  solution,  when  thoy  fimt  come  into  view,  is 
then  cahmlatvd. 

In  actually  estimating  the  quantity  of  Hb  in  a  sample  of  blood,  a  measured 
quantity  of  dcGbrinated  blood  (5  to  8  cc.)  is  ptace<l  in  the  lucmatinometer.  It  i« 
now  dilatc<l  with  water  from  a  burette  just  until  tlio  green  rays  beoorae  visible. 
By  reading  off  the  ajuount  of  water  necessary  tv  elfeot  this,  and  comparing  the  result 
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with  a  solution  of  oxyhemoglobin  of  known  itrcngtb,  which  will  »lao  jot  fMvit 
tba  green  nys  to  pass,  the  quantity  of  Hb  in  the  umplc  of  blood  ma  km  aar 
Uune<l. 

353.  Mal&ssez'  Method.  —  liotli  u(  tbi-«c  tni-tliwls  rec|aire  pare  oxyh*]iia|^«fatB. 
and  08  this  siibstaiue  is  proiuratile  with  JitHcuIty,  there  must  always  b«  a  MMufat 
objection  tu  their  use.  It  wsa  found  by  Malosscz  (loc.  fit.,  p.  19)  tkat,  wkafV  tW 
cstiiu&tiuM  of  hieraogliibin  im|vlit<!)  a  mrre  cumimriiton  of  tints,  picrocanDfaMto  W 
ammonia  i'«n  be  substituted  with  eiiual  efficiency.  The  pimv«rniinat«  «««jift^— 
must  of  course  bo  made  in  a  particular  manner  {loc  eit.,  p.  21),  and  ia  jilw«d  ia  • 
movable  pri»m,  whi'-li,  by  bein^  viewed  at  ita  vdffe  or  through  a  gnmttr 
presenta  degrees  nf  colour  which  have  been  previously  ikwiTtaiued  to  ooi 
certain  strengths  of  oxyhicmogtobin.  The  sample  of  blo<Hl.  in  a  known  otalc  of 
dilution,  ia  ]diic«d  aide  by  side  with  the  coloured  prism,  ami  lli«  Utter  ia  aanrtrf 
along  by  means  of  a  screw  until  the  two  correspond.  An  iinlex  alTorda  vvidrtM* 
of  the  amount  of  colouHng  matU-^r  in  the  sample  of  blood,  acconling  to  the  «fi-*«y- 
through  which  the  prism  lias  moved.  Tlic  details  of  the  apjiaratus  an  tb«  Mb«> 
ing:— 

351.  Malassez'  Haetnochromometer.— The  appumtoi  (No.  i,  tv.  1S77,  fk  Iff) 
conaiats  of  a  rectan).^il:ir  screen  30  ctui.  long  by  20  ctm.  high.  It  ia  piorecd  luwiJt 
ita  centre  by  two  holcts  f>  mm.  in  diameter.  These  holes  an?  plaml  cloac  tDgaUNT 
and  in  the  same  horizontal  lino. 

Behind  one  of  the  two  holes  (the  left)  ia  placed  a  Potain'a  miser  (aaa  SteU  MS) 
whoHo  reservoir,  instead  of  being  circular,  is  raaila  Ihtt  nil  two  iides,  ao  that  •  ■■{• 
fonnly  thick  stratum  of  blood  may  be  examined.  Tlie  two  sideii  are  ariMrmlMl  ia  aO 
these  mixera  for  nn  tv|ual  distance  (5  mm,). 

The  mixer  is  held  applied  againut  the  acreen  by  m««tu  of  an  ahutic  band  urate 
which  ita  long  end  is  passed. 

Behind  tliu  other  aperture  of  the  screen  ia  placed  tba  prians  ftlM  with  tha  |ia*- 
otnninate  solution.  It  is  tixed  on  a  wagon  moved  by  meant  «f  a  rack  ;  and  w1m» 
maile  to  ascend  or  descend,  various  degreea  of  thicluiev  of  the  ctilonring  flnid  aia  af 
course  brought  into  view.  Ity  this  means,  the  exact  {loint  where  the  two  coloOB 
correspond  can  l>e  dis<>overed.  A  small  needle  in  eounet'tion  wiUl  tlia  plifo  ia- 
dioataa  on  ■  Acale  the  number  of  degnxw  which  hare  been  tnTcraod.  BdUai  dw 
mixer  and  the  prism  is  a  piecv  of  ground  gla»  for  the  purpose  of  ditftidng  tba  Ijglit. 

A  table  accompanies  the  np|ianitua,  indicating  the  valun  of  aaeh  itgrm  ia  Bh 
per  CO.  mm.,  together  with  the  corresponding  respiratory  capacity  or  ability  to  ak- 
aorb  oxygen.  The  iliviiiona  on  the  scale  have  been  eatahlisbed  expecimcataQy,  iki 
rapiratory  capacity  by  means  of  the  mvn.-ariiil  pump. 

The  first  row  of  figures  on  the  table  contains  the  nninliem  on  the  coloriiaalxi* 
aoale ;  the  second,  the  respiratory  ca|>acitiea  txpt«ased  in  volume  ;  and  tha  ikifil, 
the  richnoas  of  Hb  expressed  in  weight  per  cu.  mm.  of  blood.  From  the  IW-t  vttim 
calculation  being  for  a  cu.  mm.,  the  richueas  in  Hb  ran  bo  readily  contnatod  mUk 
the  number  of  bl(>o<l  corpusclcH,  which  ia  alao  usually  rx)in>a»ed  aa  par  en.  oua. 

Mttkad  of  Promliift.—(\)  Make  a  one  {icr  ccut  mixture  of  blond  by  maana  •€  tk* 
mixer.  This  ia  done  as  in  diluting  the  blood  for  counting  the  nnmlier  of  cnrpasdat 
(ac«  Sect.  358),  only,  ilistilled  water  is  use<l  instead  of  seninL  {'rirk  the  and  of  tha 
flflger  with  a  pill,  needle  or  the  (loint  of  a  lancet,  and  pnsss  out  thi<  btood.  Alfiifat* 
the  blood  into  the  long  end  of  the  mixer  autil  it  meets  the  mark  I.  A<|dial» 
the  water  into  tlie  reservoir  Immediately  afterwards  np  to  the  mark  100.  8hak*  tin 
tube  >o  as  to  thoroughly  mix  the  two, 

(2)  Fix  the  ndxvr  on  the  Hereon,  taking  cnrv  that  tba  rmrroif  c«nMpM4i  ti 
position  til  Uina|i«rture. 

1  which  sirea  a  eolonr  of  t 
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as  that  of  tbo  solution  of  blood.  The  direct  rays  of  tlio  sun  and  a  blue  sky  shoald 
be  avoided  in  deterniiiiiiig  this.  The  li^jht  ought  to  bo  taken,  if  possible,  from  a 
window  giving  a  cle*r  diffum  light  reflected  from  a  white  background. 

(4)  Note  the  degree  on  the  scale  that  tlie  needle  stands  opposite,  and  compare  it 
with  tho  table  before  referred  to.  If  the  blood  is  so  poor  that  the  figure  sinks 
Ijcyond  tho  limits  of  the  scale,  make  a  two  per  cent  mixture  by  filling  the  long  end 
of  the  mixer  twice,  an  operation  which  is  easily  accomplishol  if  rare  be  observed  to 
interpose  a  globule  of  air  between  tlie  first  and  second  parts  taken.  In  CAliinlatijig 
the  result,  divide  tho  ggorcB  given  in  the  table  corresponding  to  tlie  degreo  indioted 
by  the  needle  on  the  sualo,  by  2. 

If,  on  ihn  contrary,  the  blood  is  too  rich,  tho  opposite  limits  of  the  scale  would  be 
passed,  Tu  avoid  this,  make  a  half  per  cent  mixture  and  double  tlie  resulting 
qnau  titles. 

355.  Gowers'  Haemog^lobinometer  (No.  868,  xii.  1879,  p.  61). 


Fia  1T&.— GywKRs*  H.«:iio<iL'ini3i«)jUT«E. 
(A)  Bottla  with  plpctta  itniiper  for  linliling  Uir  ililntlng  aolatlon ;  (D)  upllUry  plpcttc  for 
meunrlng  the  hlorol ;  (r)gT«dant<;J  lnb«  for  mciiioring  the  amount  of  husoglobln  ;  (D)  ctondanl 
tiut  iif  uumutl  bluod ;  (K)  siipiHirt  fur  D  and  0 ;  (K)  puncturing  needleu 

"Tlie  tint  of  tbo  dilution  of  a  given  volume  of  blood  with  distilled  water  ia  taken 

the  index  to  tho  amount  of  hitmoglohin.  The  distilled  water  rapidly  dissolves 
tt  all  the  hicmoglobin,  as  ia  ahown  by  the  fact  that  the  tint  of  the  dilution  under- 
goes no  change  ou  standing.  Tlic  colour  of  a  dilution  of  average  norma!  blood  one 
hundred  times  is  taken  as  the  standard.  The  ijuantity  of  hirmoglobin  is  indicated 
by  the  amount  of  distilled  water  nec<led  to  obtain  the  tint  with  the  same  volume  of 
blood  under  examination  as  was  taken  of  the  standard.  On  account  of  the  iustahility 
of  a  standard  dilution  of  blood,  tintiNl  glycprine-jelly  is  em^doyed  instead.  This  ia 
[lerfectly  stable,  and  by  means  of  carmine  and  picro-carmine  the  exact  tiut  of  diluted 
blood  can  l<e  obtained. 

"Tho  apparatus  consists  of  two  glass  tubes  of  exactly  the  same  size.  One  contains 
.t  standard  of  the  tint  of  a  dilution  of  20  cubic  mm.  of  blood,  in  2  cubic  centimetres 
of  water  (1  in  IOC). 

"The  second  tube  ia  graduated,  100  degrees  =  2  centimetres  (100  times  20  cubic 
mUlimetrea). 


454 


THE  BLOOD 


rAnm 


"  The  20  eabic  niillimetrni  of  blood  are  meosariMl  by  a  capilUry  pipott*  [dmiht  li, 
bat  larger  tban  tbat  used  for  the  hemacytometer).  This  (putitity  of  tli*  Uaal  li 
he  tested  i«  ejected  into  the  lx>ttom  of  the  tube,  a  few  drops  uf  ilintillciii  «Bt4r  Mm 
first  placed  iu  the  latter.  The  mixture  is  rapidly  agitatnl  to  prevoat  tJi*  ro^pia- 
tion  of  the  blood.  The  distilled  water  is  then  added  drop  by  drop  (from  tW  jif^tt 
(topper  of  a  bottle  supplied  for  that  purpose)  until  the  tint  of  the  dilotiMi  ii  Iki 
iune  ta  that  of  the  standant,  and  the  amount  of  water  which  haa  baaa  aUai  |L& 
tbe  degreea  of  dilation)  imIicatrH  the  amount  of  hemoglobin. 

"  Since  aTeroge  normal  blood  yields  the  tint  of  the  standard  at  100  Jsyras  tf 
dilution,  the  number  of  degrees  of  dilution  necessary  to  obtain  the  mma  tial  wttkt 
f^ren  specimen  of  blood  is  the  per  centage  proportion  of  the  hcmflgioblB  oMlaiHA 
in  it,  compared  to  the  nonnal. 

"  For  instance,  the  20  cubic  millimetres  of  blood  from  a  patient  with  uanala  ftm 
the  ataudard  tint  at  30  degrees  of  dilution.  Hence  it  contained  only  SO  pm  aot  rf 
the  normal  quantity  of  hivmoglobin, 

"  By  aacertaining  with  the  hicmocytometer  the  corpuscular  richncaa  of  Um  Um^ 
we  are  able  to  compare  the  two.  A  fraction,  of  which  the  numerator  is  tha  ^ 
c«ntage  of  heemo^obin,  and  the  denominator  the  percentage  of  coTpoadai,  f^rm  at 
once  the  average  value  \tot  corpuscle.  Thus,  the  blood  mcntione«l  above  caaiaititf 
30  per  cent  of  hemoglobin,  contained  GO  per  cent  of  corpuscles  ;  hence  H>»  nrnt^ 
value  of  each  corpuscle  was  U  or  -(  of  the  normaL  Variations  in  the  awio— t  rf 
hemoglobin  may  be  recorded  on  the  tame  chart  as  that  employed  fur  ths  oarfatdm^ 

"  In  using  the  instrument  the  tint  may  be  estimated  by  hoMing  th«  Utbm  k» 
tween  the  eye  and  a  window,  or  by  placing  a  piece  of  white  {laper  bohind  the  tolM: 
the  fonner  is  perhaps  the  best  Caro  must  be  taken  that  the  tnbea  aro  alvnya  hM 
la  the  lino  of  light,  not  below  it  In  the  latter  case  some  light  ia  refiectnl  flma  tka 
sns]>enilcd  corpuscles  from  which  the  hxnioglobin  has  lieon  dissolvvd.  If  lb*  valat 
of  the  cor]iu!)clcs  is  small  then  n  porcvptibly  paler  tint  is  seen  when  tha  takiM  aw 
held  below  the  line  of  illumination.  If  all  the  light  is  transmitted  dinctly  tkma^ 
Uio  tatit'ii,  the  corpuscles  do  not  interfere  with  the  tint. 

"In  using  the  instrument  it  will  be  found  that  during  six  or  dgbt  ikfNM  cf 
dilution  it  is  diflionlt  to  distinguish  a  difference  between  the  tint  of  tlia  tnhs^  It  is 
therefore  ueceasor)'  to  note  the  degree  at  which  the  colour  of  the  dilntioa  oaaca  ta 
be  deeper  than  the  standard,  and  also  ttuit  at  which  it  is  <liatiactly  palst.  Tka 
degree  midway  between  these  two  will  represent  the  hientoglofabi  yawlagfc 

"  The  instrument  is  only  expected  to  yield  approximate  reanlts,  aawwata  wUia 
two  or  three  per  cent.  It  has,  however,  been  found  of  much  ntilitjr  ia  ellatal  lib- 
aarration." 

L(t0ruhtn  vm  Mrtimatitm  of  HamogMin.—r.  Fleischl  (llanotaatsr):  Wm  tmi. 
BL,  ix.  1684.  p.  2M.  ▼.  Fleiachl  and  v.  Maracow :  M«l.  JahrU,  WW«,  L  IMi^ 
p.  187.  Hiifner:  Ztschcr.  (.  phy>iol.  Chem.,  iii.  187«.  ]\  1.  Laktf:  KIsb.  aaL 
Wooluuehr.,  iiivt.  189tS,  p.  630  <t  ttq.  Limaa :  (Vntrolbl.  f.  'L  ni«<L  WliaHaak, 
xiv.  187«,  p.  3&.-(.  Malassez:  Arch,  de  phy<.iol.,  iv.  1877.  p.  tU.  MABarx  AfA. 
r.  wfamisch.  n.  prokL  TUcrli..  lii.  IR86.  p.  97.  Welcker:  Zeit«Jir.  t  taL 
It.  1U8. 

ILEM<XiU)B(N   IN   DiSKASR. 

356,  According  to  Fenoglio  (No.  237,  1880  ;  No.  49,  L  1880,  Jfc 
240),  the  colour  of  the  face  and  mucous  membnvnes  ia  not  alwaija  an 
indication  of  a  want  or  of  an  abundance  of  haemoglobin. 

In  the  following  diaeaacs  the  quantity  of  hiemoglobin  is  diminhhed : 
Anemia  from  hemorrhage,  chlorosis,  pernicious  anasmia,  the  anamiia  of 
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organic  disease  of  tha  Btomoch  ;  in  leucocytbEemia,  Hodgkin's  disease, 
Blight's  disease,  typhoid  fever,  the  kter  stages  of  pneumonia  (Fenoglio), 
pulmonary  phthisis,  in  valvular  disease  of  the  heart,  unless  where  there 
is  great  cyanosis,  and  cirrhosis  of  the  liver  (Quincke  and  Fenoglio). 
The  greatest  depreciation  in  the  quantity  found  by  Fenoglio  was  in  & 
workman  in  the  St.  Gothard  tunnel  affected  with  the  duodenal  blood- 
buckiug  parasite,  the  lUichylmlmiM  dicoili'mile. 

In  chlorosis,  leucocythiemia,  pernicious  anemia,  and  Hodgkin's 
disease  it  may  fall  70  per  cent  or  even  more. 

In  variola  and  typhoid  it  is  diminished.  During  the  desquamative 
stage  of  scarlatina,  in  previously  healthy  children,  there  is  an  addition 
to  the  quantity  of  haemoglobin  and  to  the  numher  of  corpuscles  (Am- 
heim). 

Oeneral  LiUrature  on  Haemoglobin. — Addison  :  Brit.  M.  Joum.,  1864.  i.  pp.  202. 
282.  Bernard  (C.) :  J.  de  la  Physiol,  de  I'Uomme,  i.  1858,  p.  233  ;  Ibid.,  i.  1868,  p. 
849  ;  (itia,  Comnt.  rend.  AcacL  d.  Sc,  xlvii.  1868,  p.  245.  Bixzocero  (Cliromo-cyto- 
lUBter)  :  Giu.  nied.  de  Par.,  1879,  p.  034.  Boltinger :  Deut.  Zeitwhr.  f.  Thiermt'd.,  iiL 
Christison  :  VA.  Med.  and  Surg.  Joum.,  xisv.  1831,  p.  9*.  Cutler  and  Bradford: 
J.  of  Physiol.,  Caiub.,  L  1879,  p.  427.  Ehrlich  :  Deul.  med.  WocLuacIit.,  xvi.  1881. 
Hayem :  Compt.  rend.  Soc.  d.  Biol.,  ill.  1877,  p.  316;  aim  (Metbtemoglobln),  Rev. 
■cieut.,  xxxvii.  1886,  p.  717.  Leichtenstem :  Untenfuchungen  lib.  d.  U»nioglob- 
oliDgrholt  d.  Blutes  id  gciundeii  ii.  krankon  ZusUnden,  1878.  Lichtheim :  Samin. 
klin.  Vortrns«,  zi.  (Idu.  Mud.),  p.  1147,  No.  134.  MacMlum :  Qiinrr.  J.  Mic.  So.,  xxv. 
1885,  p.  469.  Malassez  (Colarimeler)  :  Compt  rend.  Soc.  de  Biol.,  iii.  1877,  p.  309  ; 
alto,  Coiupt.  rend.  Acuci.  d.  Sc.,  Ixmv.  1877,  p.  348  ;  alw  Arch.  iJe  Physiol.,  iv.  1877, 
pp.  1  and  634.  Nenclci  (Parabustuoglobiu) :  Arch.  f.  exjier.  Path.  u.  Pharninkol.,  xx. 
1885,  p.  332.  Preyer:  Ceutndbl.  f.  d.  mwl.  Wisseiisch.,  v.  1867,  I'p.  259,  273. 
Quinke  :  Arcb.  f.  path.  KanX.,  liv.  1872,  p.  537  ;  alto  (BsmockroniomeU-r),  Berl. 
klin.  WuhiiHclir.,  iv.  1878,  p.  473.  Sanderson  :  Med.  Times  and  Gat,  1871,  i.  p.  211. 
Silbcrmanii :  Breolau  Aerztl.  Ztachr.,  viii.  1886,  p.  183.  Subbotin  (Influence  of 
Nouriiihmuut  on)  :  Zeitiichr.  f.  BioL,  Miinchen,  vii.  1871,  p.  185.  Vierordt:  Arch.  f. 
iL  ges.  Physiol.,  U.  1869,  p.  178.  Worm-Miiller  (Relation  between  Coqiiuclea  and 
Ooloar  of  BInod) :  (AbKtr, )  M.tly's  Jalirmbericht,  rii,  1878,  p.  102. 

Numeration  of  Corpuscles. 

357.  The  instruments  which  have  been  devised  for  this  purpose  are 
numerous,  but  tho  priuci]»le  involved  in  them  is  alike.  It  consists  in 
diluting  a  known  quantity  of  blood  up  to  a  given  point  and  subse- 
quently counting  the  number  contained  in  a  certain  know^n  bulk. 

The  method  suggested  by  Vierordt  (No.  138,  xi.  pp.  26,  327,  854  ; 
xiiL  p.  259)  and  carried  out  by  Welcker  (No.  139,  xx. ;  No.  75,  KoUet, 
article  "  Blood  ")  was  one  of  the  earliest,  but  as  it  has  now  been  super- 
seded by  methods  of  greater  accuracy  and  of  more  easy  application,  it 
need  not  be  further  described  at  present. 


MALASSEZ'  METHOD. 

358.  By  means  of  Malassez'  instrument  (No.  40,  Dec.  1872)  results 
of  great  accuracy  can  be  attained,  but  it  is  questionable  whether  reliance 
can  be  placed  upon  it  so  much  as  upon  that  of  Hayem  or  Nachet,  or 
Gower's  modification  of  the  same.     The  fact  that  the  blood  has  to  run 
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Tho  lii(uid  wHthin  the  reservoir  now  contains  1  jier  cent  of  hlood.  Ifa  uiixtiir«  ol" 
I  to  200  is  nMjuiretl,  tho  blood  is  asjiinttcd  up  to  tlic  line  iu  the  middle  of  the  long 
end  of  tiio  inutrumcnt.  Such  a  strength  ought  to  b«  einplovrd  when  the  nuinl)er  of 
corjmBcIes  rises  above  2,000,000  jier  cvi.  mui.,  and  tho  1  to  100  uiixttire  when  l>elow 
this. 

Tho  niixtnre  having  been  nindc,  it  is  introduced  into  a  fine  specially -jirepared 
capillary  tube  called  the  artificial  capillary.  This  is  from  2  to  3  centinij^trc«  long, 
lias  a  boro  of  from  4  to  Ti  mm.,  a  thiikiiesii  of  1  mm.,  and  i.'i  fixed  on  a  stand.  It  is 
rtattL-nwd  from  above  downwards,  and  tho  bore  is  8o  narrow  thiit  it  can  hardly  be  men 
with  the  naked  eye.  On  section,  it  fonns  an  ollijisti  whoxo  loii);  axis  tnensnres  about 
2CiO  ^i,  and  its  amnll  70  ft.  One  of  its  cxtntmitiia  i.i  free  ;  the  other,  eonsidenibly 
thicker,  is  attached  to  a  piece  of  caoiitrhou'-  tubing.    I  ts  capacities  have  been  previoualy 


'•  O' 


IT 


•  9 


o  4  • 


o^ 


o  C     • 


u  e 


Km.  17T.— Malawez'  II.<i3i<icrTuiiKTBJt. 
Ttie  apjieannee  or  the  artlttclat  capUlanr  when  sceu  uiirroscopically. 


Accurately  ascertained,  and  the  figures  engraved  on  the  side  of  the  stand  indicate 
what  these  are  for  given  lengths  of  the  tnl)c,  In  the  column  to  the  left  arc  inscribed 
the  lengths,  and  iu  that  to  llie  right  the  ascertained  CApacitiea.  The  lengths  are 
«xprMae<l  in  thousandths  of  a  millimetre,  the  capacities  in  fractions  of  a  cubic  miUi- 
The  capillary  represented  in  tho  illustration,  for  instance,  has  a  capacity 
|nal  to  the  l&Oth  part  of  a  cu.  mm.  for  a  length  of  600  /i. 
The  capillary  is  filled  by  placing  a  drop  of  the  mixed  blood  at  its  end,  and  aspiiat- 
lug  if  necessary.  The  liquid  which  first  Hows  out  of  the  mixer  onght  to  be  rejected. 
The  tube  should  be  filled  quickly,  as  by  that  means  the  coriioscles  are  more  equally 
disaeminated.  It  is  often  ciiiririent  to  allow  the  blood  to  a.<icend  the  tube  by  rapil- 
larity,  but  if  it  runs  too  slowly,  it  must  be  aspirated.  When  the  tube  is  nearly  filled, 
remove  tho  remainder  with  blotting-paper. 

An  eye-piece  micrometer  must  now  bo  procured,  and  the  value  of  the  length  of 
one  aide  of  the  moss  of  squares  in  it  a.sccrtained,  so  that  when  a  piece  of  the  tube 
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\fi  till  Indf^h  (U«<i  u]Mn  bo  SCO  ^    Dnw  eat  tba 
niitll  itno  «i<l(<  uf  tli«  maa*  of  Mioaroa  iioiTaapoDda  to  SOO  p  mm  Ika 
Willi  Ihl*  airiuiiiit  of  withdrawal  of  tho  nppar  tube,  tbaMfan^  tW 
(if  Miiutrv*  rrnin  aidn  to  aide  will  correapond  to  (00  i^  of  tlM 
iiliMirvaliiiii.      It  i(  wrll  to  mark  on  the  miaoaoopt  tadba 
liai  litmii  ilmwii  mil,  and  U>  uw  llii*  for  tature  obaaratiaaiL    Tim 
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<Niiiiil  thfi  whole  uf  tho  aorpaaclaa  in  all  the  aqnana;  aad  maka  tka 
aaVKral  |i«rli<  nf  lli»  rapillary,  ao  u  to  eiuurv  tliai  tha  OHfaadea  an  mfrniij 
buli«l,  mid  Inkii  llm  nioaii  iiiiiiilwr, 

CAlcuUllon.— Miilti|>ly  thia  iiumlirr  by  tho  figure  on  tha  MfObuir  alnJ 
n)|imiiriita  t)i«  oafiBi'ity  of  thv  |iar1iculiir  lungth  of  tube  throogfa  wUd 
llM  bm'li  iiiadf  atid  l>y  tlu<  ligun<  rr|in<»riitiiig  th»  dilution  of  the  bloi^     Tlw 
||lviia  lliv  number  of  rurpiiaK'Uw  |K>r  cii,  iniii.  of  Mood. 

KwMnplfc— Miifi*""'  ('"'  !!'*''<'  tbn  niiinlHir  of  corpuaolaa  fboad  te  &W  m  k^gtt 
of  tulie,  8ap|wai<,  fiirtltur,  that  in  tho  [larticular  tube  uaad  tUa  laagtk  twfiaaak  a 
viilili-  ru|>n<^lty  uf  iSOth  iwrt  of  a  iiiiUim^tre.  SapiKMc,  lastly,  that  tba  4i)afiM  tf 
thu  IiIihmI  haa  baeii  rarrlod  to  1  in  200.  I'ho  Dumb«r  of  corpuarln  fwr  c-il  aa.  tt 
blood  will  than  be  i«iimviitwi  by 

1 18  X  150  X  800°  3,640.000. 

JLftofMnh  aBunination  the  apparatus  ahouM  be  emptied,  and  alaaaad  by  aifiMl> 
tnjl  dUlillrnl  wat<'r  Into  thr  raiiillary  and  blowing  it  out  Waak  oat  theaiavtotti 
Mnie  way  If  lhi<  Mood  driijt  in  rithrr,  waah  out  with  a  SS  par  «Mit  nlatM^ 
potajih  or  Mxla,  fulluwiid  by  diatillcMl  water. 

In  nnlor  to  avoid  rrrvir,  repeat  the  examiiialion  aeTanl  timea. 


S59.  NumerAtion  or  the  Leucocytes. — L«s  dilntioo  a 
Mry.  Tako  it  1  to  50  aolulion.  Make  it  by  dnwing  up  a  tnbtfal  a( 
blood,  (oUowoci  hy  *  arcond  tubeful,  but  with  &  globule  uf  air  butwiw 
dwn  M  M  to  mftrk  off  the  one  irom  the  other,  and  mix  m  belan. 
Afl  tlM  leoooeytM  u«  spamlj  dittribated,  they  muit  be  taaati 
tbfBo^Mwt  a  grMtt*r  length  of  tube  than  prerioualy,  to  that  if  tbc  <]**^ 
latad  ieU  coven  1  ram.  (AOO  ^)  of  tlie  cafMUaiy.  it  will  be  wenrBMiy 
to  ohiiirtii  tiM  fifllda  throusb  |  to  I  dm.  of  ita  length. 

Thoaui  (qaotod  by  Lanuoia)  rwwwmenda  the  addition  of  10  paitadf 
O'0  par  oaot  aolution  of  ac^lie  add,  which  dartroya  aO  tlw      ' 
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of  T^th  cu.  mm.,  the  nuiulier  of  colourless  globulea  per  cubic  milli- 
mitre  of  blood  will  then  be 

1-6  X  100  X  60  (the  extent  of  the  dilution)  =  8000. 

GOWERS'  HjEMAGYTOMETER. 

360.  This,  OS  before  stated,  is  essentially  a  modification  of  Hayem  and 
Nachet's  instrument.  The  results  obtainable  by  it  are  wonderfully 
accurate,  if  sufficient  observations  are  ma*le  by  ilu.  sunw  observer.  It 
is  the  instnmieut  in  general  use  in  this  country.  Dr.  Gowers'  descrip- 
tion of  it  (No.  59,  1877,  ii.  p,  797)  is  the  following  : — 


^ 


Pia  ITS.— Oowsss'  HxMiiaYTOiimK. 

&,  pipette  tot  mawwlng  dilutlDg  loliitioii ;  B,  npilUry  tnbe  for  meuoriag  Uood ;  0,  tha  mil ; 
D,  nuall  gla»  Jir  for  making  th«  dilution  ;  B,  ■  Hiiiall  «pcx)D  for  mixing ;  F,  needle  tot  pnncturlng 
the  Anger. 

"The  IiKinaoytometer  consults  of  (I)  a  tmiill  pi[«tte,  holding  exactly  99&  cubic 
inillim^tr«s  ;  (2)  a  (iiie  capillary  tube  holding  five  cubic  miltiin^tri-s  ;  (3)  a  sn>all  glau 
jar,  in  which  the  dilution  tii  mndo  ;  (4)  the  cell  exactly  1  of  a  millimetre  deep,  the 
Uoor  of  which  i«  ruled  in  tenth  of  a  niilliinijtre  iiqaar«8. 

"  Various  diluting;  solutiotis  have  been  recominended,  io  order  to  change  as  little 
as  pouible  the  aspect  of  the  corpuscles.  It  is  not  well,  however,  to  endeavour  to 
obaerve  the  character!  of  the  corpuscles  during  the  numeration  ;  whatever  solution  is 
employed,  the  corpuaelea  are  more  or  less  changed  by  it.  One  which  answers  very 
well  ia  a  solution  of  sulphate  of  soda  of  a  specific  gravity  uf  1025.' 

'  in  a  later  note  on  tlie  subject  (No  59,  1878,  it  p.  901)  Dr.  Gowen  recommends  a 
mixture  of  sulphate  of  isoila  104  grnios,  ae«tic  acid  1  dr.,  and  distilled  water  4  ox.  He 
saya  it  readers  the  coloured  more  uniform  in  aspect,  and  the  eolonrles*  more  distinct. 
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"The  mode  of  proceeding  u  extremely  Mmple.  A  pipettofol  of  th*  Mbrtkait 
pWed  in  tlie  inixiii)^  vc^acl.  Five  cubic  millimHres  of  Mood  uv  dnwn  into  tfe 
capillary  tube  from  a  drop  in  the  finger,  and  then  blown  oat  into  tho  luIutiaiL  Tk 
two  are  well  mixed  by  a  glaw  rod  ;  a  drop  of  tho  dilution  i»  plami  In  th»  c*«tiw«< 
tb«  ecU  ;  the  covering  glass  is  applied  and  socurvd  by  the  iprin^,  and  t^  aUf 
placed  on  tho  itago  of  the  microscoiic.  TIr<  leuR  it  then  fucuawcd  to  the  (qoarea.  la 
a  fmr  minutes  tbo  corpuscliM  have  8uiik  nn  to  the  scjuarei.  Tbt>  numlw  r -t  •  ■  -in* 
\a  counted,  and  this,  multiplied  by  10,000,  gives  the  number  iu  a  euli  >  wf 

blooiL  .  .  .  The  numlwr  (ler  cubic  millimetre  i«  the  common  mode  ut  t-^iiui;  U* 
coqrascular  richness  of  the  blood.  Itut  by  rmployiug  thi<  dUutioii.  and  aqoana  of 
this  iize,  a  much  more  convenient  mo<le  of  Ktati'mcnt  in  obtjunvd.  Taking  8«a 
millions  as  the  average  yvr  cubic  millinijitre  in  healthy  bloo<1,  t)i«  avortg*  Dombir  b 
two  at]aarl^s  of  the  c«ll  in  100.  The  number  in  two  sijuarcs  (aocertailMd  faj  i 
a  large  numlx<r,  ten  or  twenty,  and  biking  the  mean)  thus  expif  ta  tlM| 
proportion  ^>f  the  curpUNclcs  to  tliat  of  henlth,  or,  inxde  int"  a  two-pla««  dfclaal,  ttw 
|iro|>uitiun  whicb  the  corpuAcnlar  richness  of  lite  blood  examined  baan  ta  kshi^ 
blood  tiikcu  oa  unity,  or  tlie  number  in  twenty  aqwurM  may  be  taken  ■•  »  tiuwt- 
place  decimal." 
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2P1.     Hayem  and   Nachet  (Appantun  for):    Lond.  Med.  H.  >57. 
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Estimation  op  the  Richness  of  the  Individual 

CORPDSOLES  IN  BxUOOhOBBi. 


361.  In  judging  of  the  colour  of  the  blood  in  aiurmia,  it 
custom,  in  earlier  times,  to  regard  tho  hapmoglobin  in  the 
w  of  stable  quantity.  On  this  hypothesis,  iill  that  vm  thmij;ht  to 
Iw  necessary  in  order  to  arrive  at  the  true  value  of  the  corpoadea  M 
bearera  of  oxygen  was  to  count  their  number. 

Johann  Duncan's  researches,  however  (So.  12,  Iv.  Ah.  t, 
1867,  p.  516),  threw  ii  m-w  light  on  the  subject,  by  showing  that  ta 
cases  of  chlorosis,  tho  amount  of  hiemoglobin,  or  colouriti^  maUet; 
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may  be  diminished  out  of  proportiou  to  the  reduction  in  the  number 
of  corpuscles.  In  most  instances  of  anaemic  blood,  the  number  of 
hajmocytes  is  reduced  as  well  as  the  colour,  but  cajies  have  been 
recorded  of  great  anieniia  in  which  the  number  was  normjil  or  even 
augmented. 

Malassez  and  Uayem,  be-sidcs  confirining  Duncoa's  observations, 
bave  gone  much  more  fully  into  the  mattwr. 

Hayem  (Xo.  218,  p.  55)  clearly  points  out  that  any  method  of 
estimating  the  amoimt  of  aglobulia  or  lieficieucy  in  hseinoglobin. 
must  necessarily  be  faulty  if  founded  upon  the  numeration  of  the 
corpuscles  alono.  In  order  to  arrive  at  a  true  statement  of  the 
relative  richness  of  each  bloo4l  corpuscle  in  hiemoglobiii,  other  factors 
must  be  taken  into  account.  The  quantity  of  hwinoglobin  per  cubic 
millimetre  must  first  be  found  by  the  iao.«t  approved  colorimetric 
method.  Hayom  indicates  this  1)y  the  letter  *'  It."  Let  us  suppose 
that,  in  the  blood  under  examination,  it  corresponds  to  a  colour 
equivalent  to  blood  containing  "2,000,000  corpuscles  per  cubic  milli- 
metre, Let  us  further  suppose  that  the  blood  in  question  contains 
4,000,000  corpuscles  per  cubic  millimetre.  Then  the  richness  of  each 
corptiscle  is  |-  or  K  ;  that  is  to  say,  each  corpuscle  contains  only  half 
the  quantity  of  Hb  which  sliouM  be  jireaent  in  health.  Hayem 
represents  this  by  the  letter  "  G." 

It  sometimes  happens,  however,  that  in  anaemia  the  coqjuscles  are 
very  irregidar  in  size,  some  of  them  below,  others  above  the  average. 
It  is  therefore  necessary  to  bear  this  in  mind  in  making  any 
statement  as  to  the  corpuscular  richness  of  a  particidar  blood. 

In  forming  a  correct  estimate  of  the  individual  cnrjiuscular 
value  in  ha-moglobin,  Hayem  holds  that  it  is  essential  to  attend  to 
the  following  points  : — 

(1)  The  rkhiirss  (R)  of  the  blood  in  hiemoglobin  expressed  in  terms 
of  that  of  sound  blood. 

(2)  The  alterations  in  she  and  shapf  of  the  corpuscles. 

(3)  The  abioluif  number  of  corpuscles  (N),  as  calculated  by  counting. 

(4)  The  globular  value  of  the  individual  corpusclea  (G). 
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The  Effects  of  ILemorrhagb  upon  the  Composition 
OF  THE  Blood. 


362.  The  liquid  part,  of  course,  suffers  temporary  diminution  in 
quantity.  When  an  exre.v  of  liquid  is  poured  into  the  blood  it  is  rapidly 
ei/rettd  by  the  kidnq/s,  and  continues  to  be  so  until  the  natural  bulk  of 
the  blood  is  reached.  The  same  tendency  towards  an  equilibrium  is 
noticed  vlun  blood  is  withdraum.  Liquid  is  soon  abstracted  from  the 
tissues  in  quantity  sufficient  to  compensate  for  the  loss. 

liinozero  and  Salvioli  bLow  that  it  U  not  absorbed  itnmediatcly,  but  that  from 
aix  to  for^-eigbt  hours'  tim«  is  required  before  the  former  balk  is  regained. 
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FAST  in 


The  blood,  consequently,  after  repeated  hsmoirhageSk 
more,  and  moir.  milfry,  and  the  number  of  corpuscles,  as  shown  ia  Um 
accompanying  table  of  the  results  of  experiinenta  nmde  by  Ylcranll«' 
progressively  diminishes  both  relatively  and  alwululely. 


8l( 
^^  00 


Amount  of  blood  extracted  expressed        Proportion  of  nd  oorpiuelM  «arp«MMi  li 
as  A  fraction  of  the  body  wi-iglit.'  huiidrodtba  of  the  normal  {itmwwtiifc 

0  100 

h  81 

Death  of  the  KnimaL 

Hzmoglobin. — With  the  loss  in  blood,  of  course,  whero  tbo 
quantity  is  considerable,  the  number  of  coloured  blood  oorpOKlH 
diminishes,  and  with  them,  also,  the  amount  of  hcemoglobin. 

Bizcoxero  and  Salvioli  (Ko.  225,  xiL  p.  Oil)  ihowed  that,  after  Iom  of  b|oa4  ty 
Teneaootiou,  tho  quautity  of  hn-moglobin  diminishea,  from  a  few  honn  ap  to  two  daffc 
A  riie  in  the  quantity  tikea  place  roliseqaent  to  this.  Thi*  dc<cnaae  ttimim  «■ 
after  depletions  which  do  nut  reai-h  2  per  cent  of  the  body  weight.  For  emy  fm 
cent  loM  of  blood  as  comparrd  with  the  body  weight,  there  ia  a  dlminntian  a(  11  11 
per  cent  of  the  original  hn'nio;;lobi  ii,  a  result  which  they  accoont  for  by  th«  afaavplla 
of  ploamiitic  lliiiil  from  thu  li^iucs. 

363.  Hxmocytes. — It  has  been  found  that  after  a  tingU  larft  a^ 
strtu-titni  of  blood  from  an  animal,  the  niuqthological  characters  of  tin 
colouri'd  corpuscles  alter.  Many  of  ihcm  become  irregular  in  ahapt^— 
poikilocytes  as  they  are  called — and  numeroiif  very  small  oorpiucles 
or  microcytes  make  their  appearance.  Cells  of  diameter  intermediate 
between  the»e  microcytes  and  an  ordinary  coloured  corpuscle  are  alio 
found,  specially  in  Man.  Giant  blood  cofpuscles  ur  megalo* 
cytes,  running  up  to  1 4  ^  in  diameter  are  not  u.'^ual  as  a  result  of  a 
single  large  hiemorrhagc,  but  wlurn  ttw  l*kueJt  of  hlxxl  arr  r^fttti  at 
comparatively  shm-t  intervals,  so  as  to  set  up  a  truly  aiin;mic  diaeaaa, 
they  begin  to  show  themselves. 

The  leucocytes  are  incrmxnl  in  nnmher,  both  reUtively  and  ak- 
lutely  (Henlc,  Kemak,  Moleschott,  Vierordt,  Bauer,  C.  Weber,  Oder)i 
This  is  due  to  several  causes,  among  the  most  imiK>rtAnt  betne,  fintlj, 
that  the  coloured  corpuscles  escape  more  readily  from  the  blooa-TesMli^ 
and  hence  leave  a  relatively  large  numtwr  of  leucocytes  behind; 
secondly,  that  the  large  quantity  of  lymph  which  rushos  in  to  replaca 
the  bulk  of  the  blood  carries  with  it  many  new  leucocytos ;   and* 

\  Qsotad  by  Iminenn«nR,  No.  200,  toL  x^i.  ]>.  328. 
le  iiilvraU  b«>tw««n  the  variouR 
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thirdly,  that  the  wound  made  in  extracting  the  blood,  if  suppurating, 
is  a  fertile  source  of  the  leucocytosis.  Malaasez,  indeed,  goes  so  far  aa 
to  say,  that  if  there  be  no  wound  and  no  suppuration,  there  is  no  in- 
crease in  the  colourless  corpuscles,  but  this  is  doubtful, 

The  hxmatoblasts  or  blood  plates  at  first  suffer  a  decrta.se  in 
numlicr  along  with  tlv  lia'raocytes,  until  a  niininnim  point  is  reached. 
There  next  follows  a  period  of  iuirenge  before  the  coloured  coq)uscle8 
have  begun  to  show  evidence  of  repliicentont.  A  third  period  ensues 
in  which  the  number  of  hfematoblasts  becomes  n&nml,  while  the 
coloured  corpuscles  show  signs  of  having  been  regenerated. 

Fibrin. — Tho  experiments  of  Briicke,  Nasse,  Sigmund -Mayer, 
and  Jurgensen  on  tho  dog,  and,  more  lately,  those  of  Hayem,  have 
shown  that  a  single  large  loss  of  blood  causes  the  fibrin  to  dhiiiiiish  in 
Kjuaiitity,  whereas  repeated  small  haemorrhages  cause  it  to  increase. 


Venesection  in  Disease. 


C36-t.  It  is  generally  stated  by  physiologists,  at  the  present  day,  that, 
as  a  quantity  of  blood  equivalent  to  something  like  3  per  cent  of  the 
body  weight  may  be  abstracted  without  materially  influencing  the 
blood -i)ressure,  phlebotomy  must  be  useless  in  lowering  the  blood- 
pressure  in  disesisc. 
I  Conclusions  based  ui>oti  observations  made  on  tho  system  in  health 
Ire,  to  say  the  least  of  it,  dangerous,  if  applied  to  it  under  disease, 

un<|ualiKed  liy  fiu-therexfteriment.  It  may  be  true  that  loss  of  blood, 
even  up  to  a  large  amount,  lias  little  effect  upon  the  pressure  in  health, 
but  this  fact  cannot  be  used  as  an  argument  against  phlebotomy  as  a 
remedial  agent  in  acute  inflammations.  Where  the  vessels  of  an  impor- 
tant organ,  such  as  the  lung,  are  engorged  with  blood,  and  where  the 
small  arteries  throughout  the  body  are  in  a  state  of  spasmodic  rigidity, 
next  to  nothing  is  known  with  exactitude  of  its  physiological  effects. 
A  very  great  deal,  however,  is  known  empirically  to  the  physician,  or 
rather  was  known  to  the  older  physicians,  of  its  action  under  such 
circumstances.  The  older  physicians  were  fimiiliar  with  the  experience 
that  as  the  blood  flowed  from  the  arm  in  a  patient  moribund  from 
acute  croupous  pneumonia,  tho  inspirations  became  deeper  and  the 
general  respiration  easier ;  the  rigid  pulse  gave  way  to  one  soft  and 
yielding;  and  that  in  a  large  proportion  of  coses  which  otherwise 
would  certainly  have  proved  fatal,  ]>rogre8s  towards  recovery  was  un- 
interrupted from  tho  hour  in  which  the  blood  was  withdrawn.^  Such 
facta  were  realised  in  tho  everyday  practice  of  the  past  generation  of 
physicians,  but  unf<irttmately  those  of  the  present  day  incline  to  look 
askance  on  the  procedure.  The  fashion  of  the  time  stigmatises  it  as 
unwarrantable,  and  it  is  only  a  few  individuals  who  have  the  courage 
to  question  the  verdict     It  is  pleasing  to  notice,  however,  the  reaction 

'  The  Mitbor  ia  able  to  eonSrm  tbeie  assertioiu  tram,  eonsidenble  pcnonal  experience. 
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that  is  DOW  setting  in  in  favour  of  this  sovereign  remedy  ;  aatd  Hurt  m 
good  reason  to  believe,  that  the  younger  members  of  tho  profetBMMi 
may  live  to  see  the  time  when  stimulants  to  enable  a  baart  to  dtirt 
blood  into  a  lung  vrhose  virp.  are  obstructed  by  exoen  of  blood,  car- 
bonate of  ammonia  to  tickle  the  patient's  air  passages,  and  beef 
to  keep  up  his  strength,  will  not  be  considered  shectranchoni  to  I 
fast  by  in  the  treatment  of  a  patient  sufiTering  from  acute 
monia.' 

Not  that  these  remarks  are  intended  to  lend  countenance  to 
ing  as  a  remedy  in  all  forms  of  inflammation  of  tho  lung.      Etot''' 
physician  recognises  that  there  arc  pneumonias  and  pneumoaiaa.     Il 
is  the  employment  of  venesection  in  the  wrong  kind  of   pneo 
which   has    brought  discre<lit  upon   the   practice.      Tho    majority 


Fin,  ir»,— Tiucixn  or  Radial  Pous  lismac  A  H^woMMAMfc 
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Fiu.  180.— Tiuoimi  or  Kamal  IViai  Aimi  »  tLutoaaiiAUE. 

croui>ous  pneumonias  undergo  spontaneous  resolution,  but  it  is  in 
cases  of  difficulty  that  the  skill  of  tho  physician  ought  to  shuw 
and  it  is  jimt  in  these  very  cases  that  modem  treatment  u  so 
ably  feeble. 

365.  Guides  as  to  the  Quantity  to  be  Withdrawn,  ctc- 
an  averagx',  tho  loss  of  a  ixtuml  of  blij<Kl  will  induce  f<ync(>{>c  in  a  fall] 
grown  person  ;  and  a  quantity  erjtial  to  half  of  the  whole  blood  in 
body  (four  to  six  pounds),  when  lost,  mu<t  be  reganlcd  u*  suflkieot  i 
cause  death  (Wagner).     Women  bear  losses  of  blood  better  tfaaa 
and  the  alistraction  of  a  relatively  small  quantity  may  prove  fatal  in  I 
child     Old  people  and  those  previously  debilitated  bear  venc 
badly,  and  the  more  rapidly  it  is  withdrawn  the  more  potent  are 
immediate  physiological  effects. 

36C.  Circumstances  under  which  Venesection  is  calcu- 


>  8m  ailminbli)  raaarita  by  Broulbatit  (No.  «.  18S7.  1.  p.  712)  oo  tiUi  «i))|M> 
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lated  to  afTord  Relief. — These  may  be  summed  up  in  one  expres- 
sion— liuih  arttTud  kmioii.  Venesection  should  not  be  resorted  to  in 
all  cases  where  high  arterial  tension  is  present,  but  wliere  high  arterial 
tension  is  endangering  life,  as  in  acute  pneumonia,  blood-letting  is  one 
of  the  readiest  means  of  reducing  it 

LiUrature  on  EffecU  qf  Veneatetiem  tm  the  /f/oix/.— Bauer  :  ZeiUchr.  f.  Biol.,  viii.  1872, 
p.  567.  Broadbent :  Lancet,  1883,  i.  pp.  -1,  54.  Burman :  Lancet,  1883,  u.  p.  856. 
Corson:  Pbilo.  Med.  and  Surg.  Rep.,  x\\i.  1882,  p.  365.  Dunn:  Boston  Mod.  and 
Surg.  Joum.,  May  lltb  1882,  j).  •137.  Fenwick  (in  Heart  Di«eos««) :  Lauct,  1882.  ii. 
p.  179.  Genzmer:  Ceutralkl.  f.  d.  mud.  Wisiieiiwh.,  xx.  1882,  p.  22:1.  Johnson: 
Med.  lYess  and  Circ,  March  26Lb  1S7B,  p.  242.  Maas :  Deut.  ZeiUcbr.  f.  Lliir.,  xviL 
Maragliano:  C«utrallil.  f.  d.  iiilhI.  VVisscurirli.,  iviii.  1880,  p.  867.  M.  Hall:  On 
Morbid  Kfleeta  of  Lo&s  of  Hlood.  PhiJlippart:  Bull.  d.  I'ocad.  de  med.  de  Belgique, 
No.  I,  1883,  p.  128.  Sanquirico:  Ar>h.  p^r  lo  Scieiiu  Mediche,  vi.  1882,  No.  10. 
Silva:  KimtA  Clinica  di  Bologna,  No.  12,  1883.  Traube  (in  Fevers) :  Gewim.  Beit- 
n%e,  U.  1871,  p.  212.  Vierordt :  Arch.  f.  physiol.  Heilk.,  xiii.  1854,  p.  269.  Volk- 
mann  :  Hicmodynaniik.  Woltersom :  nee  Doudem  Physiol,  d.  Meuwtiuu,  i.  p.  170. 
Wylie  :  Glasg.  Med.  Jouru.,  April  1883,  p.  256. 


Effects  of  certain  Physiological  Conditions  upon  tiie 
CoMi'osrnoN  of  the  Blood. 

367.  Digestion. — During  the  time  that  digestion  ia  going  on,  it 
has  been  found  (Hayeni,  Duperi^,  Cadet)  that  the  number  of  coloured 
oorpusclos  sinks  while  that  of  the  leucocytes  rises  (leucocytosis  of  di- 

tion).     The  number  of  h^matoblasts  also  increases. 

According  to  DupiTit-  (No.  212;  No.  49,  1879,  i.  p.  40)  the  in- 
gestion of  food  causes  a  diminution  of  the  cototired  corpuscles  and  an 
increase  in  the  colourless.  Long  fasts  have  the  effect  of  increasing 
the  coloured,  and  the  longer  the  interval  between  meals,  tlio  greater 
the  numlM?r.  A  rich  nitrogenous  or  a  mixed  diet  h.\a  no  eilect 
upon  their  number,  but  a  vegetable  or  a  milk  diet  causes  an  in- 
crease in  the  leucocytes. 

Other  observers  do  not  seem  to  have  arrived  at  like  results.  Much, 
no  doubt,  dei>ends  upon  the  accuracy  of  the  method  of  counting  em- 
ployed, and  the  precautions  taken  to  avoid  error  due  to  extraneous 
circumstances. 

Cutler  and  Bradford's  (No.  179,  L  1878-9.  p.  427)  series  of  ob- 
servations, made  according  to  Malassez'  method,  before  and  after 
diimer,  would  tend  to  show  that  there  was  a  very  notable  increasr  (in 
one  case  considerably  more  than  one-third  of  the  whole)  of  the 
cdourfd,  and  a  by  no  means  inconsideniTdu  decrease  of  the  coJrmrless 
after  food.  Ilallu  (No.  141,  1883,  p.  198)  has  not  observed  a  physio- 
logical increase,  as  Virchow  hnd  su]){wsed  there  was,  of  the  leucocytes 
after  taking  food,  neither  in  he.ilth  nor  in  disease. 

368.  Over-Nourishment. — Where  au  excess  of  proteids  is  sup- 
plied to  the  blood,  it  is  evidently  capable  of  taking  them  into  its 
substance  iij)  to  a  certain  limit.  Tlie  condition  is  known  as  hyper- 
albuminosis  or  plethora  hyperalbuminosa.    It  is  questionable 
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whether  they  can  be  retained  in  the  blood  for  long.  Egg  aJlNanii. 
when  transf\ised,  is  rapidly  thrown  off  by  the  kidneys.  The  nomal 
quantity  of  senimalbuniin  in  human  serum  is  from  70  to  90  puU 
per  1000,  and  it  is  proV)ablo  that  if  this  quantity  is  overetepped,  grv 
mischief  results  to  the  blood  as  a  circulating  liquid.  Where  then  hM 
been  excessive  loss  of  liquid  from  the  blood,  as  in  ebolcia,  or 
co])iou8  diarrh(Ea,  or  where  there  is  grave  alteration  in  the  ni 
and  quality  of  its  corpuscular  elements,  as  in  certain  cuea  of 
and  in  leucocythwmia,  a  spurious  hyperalbuminosis  may  resnit. 

Inanition. — The  effects  are,  at  first,  chiefly  manifested  in  thl 
condition  of  the  plasma,  whose  albumin  sinks  until  it  may  ntwh 
something  hke  60  to  50  parf~«i  per  1 000,  or  even  less.  The  oonditioa 
is  knoMm  as  hypalbuminosis.  The  yross  bulk  of  the  blood  does  not 
ap]>ear  to  sUfler  much  as  compared  with  other  ports  of  the  bod  J,  the 
albumin  being  compensateii  for  by  tho  absorption  of  water  and  nhs. 
It  is  universally  agreed  that  the  coloured  oorjrusdti  do  not  decnsMe  is 
number  until  the  verj'  latest  stages,  indeed,  the  recent  wearekes  of 
Hayom,  Dup^ri^,  Cadet,  and  Reyne  seem  to  show  that,  as  a  nUa,  tlMf 
arc  increased.  By  some  observers,  the  leucocytes  have  been  found  to  be 
diminished,  by  others,  to  be  normal.  The  hamofflobm  h«gin«  to  de- 
crease only  aft«r  a  week's  fasting.  Even  the  nflmnwi  does  D0( 
decrease  so  rapidly  as  might  be  expected. 

A  condition  of  hypalbuminosis  is  frequently  oeeaiioned  bj  tka 
escape  of  albumin  through  the  kidneys  in  Bright's  disease. 
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LUertiturt  (in   Efffit  iif  Iniin\ti,fn  trn  th<  liLxuLSHAtT  ^r^  S'hmiA:  Dto   T«r 
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ViliuiUon,  16-tS.     Heidenhain:  DiixiiiixitionH,  isr>7.     Pan  < .  t  ratk.  Aaat. 

«iix.  186-1,  p.  241.    Pettenkofer  and  Voit :  ZriUchr.  t  Biol.,  i.^ow,  \-  ia»: 
d.  k.  bAyeri«ch«ii  AkiuL  <l.  Wi»<ciiKhaft.,  Nov.  10,  I860.    VaJentiD 
Voit:  ZUchr.  t  BioL,  iL  1860,  p.  307  :  Ibid.,  vtii  pp.  207-S8^ 


3C9.  The  term  Plethora  seems  to  1«  a  very  indefinite 
The  popular  meaning  of  it  is,  that  "  full-blooded  "  persoiM  poiiiesi 
unusually  large  quantity  of  blood  in  their  8}r8tcnu.  An  increaao  of  Uit 
quantity  of  blood  beyond  a  particular  limit  is  proved  to  be  an  in- 
{XMsibility.  When  the  quantity  rises  beyon<l  a  certain  standard  the 
bulk  is  reduced  by  excretion  of  its  liquid.  It  is  probable  that  tbe  foD- 
blooded  appearance  of  plethoric  individuals  is  due  cither  to  iMpodsd 
circulation  or  to  thoir  ftossessiug  a  luxuriant  store  of  biDDO(^(MlL 

Plethora  apocoptica  (Wagner,  21 1,  p.  545)  is  the  name  ghm  lo 
that  variety  of  plethora  which  results  from  driving  the  blood  back 
from  a  limb  into  the  general  circulation  as  by  the  application  of  as 
Ksmarch  bandage.     It  causes  no  rise  in  the  blood- presAUre. 

Polycjrthxmia  rubra  is  the  designation  applied  to  a  conditiaa 
where  the  coloured  blood  corpuscles  are  in  exc««s.  An  oxoass  of 
blood  corpuscles  above  the  uimal  number  (5,000,000  per  cu.  mm.)  is 
rara.  The  supposed  excess  of  coloured  corpuscles  is  probably,  in 
an  exoeas  of  hsunoglobin. 
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370.  A  decreased  supply  of  water  to  the  blood  brings  about 

a  concentration  of  its  solids.  The  quantity  of  uUminiu  and  suits,  and, 
later  on,  that  of  the  ureu  is  increased.  The  term  hydrxmia  ia 
applied  to  a  watery  state  of  the  blood,  in  a  somewhat  loose  sense. 
Temjwrary  h/drcrmia  may  be  the  result  of  increased  consumption  of 
liquid,  or  of  Hqiud  transfused  directly  int<>  the  circulation.  The  ex- 
cessive liquid  is,  however,  very  soon  thrown  off  by  the  kidneys. 

As  the  bulk  of  the  blood  tends,  as  before  GX])laiued,  to  maintain  an 
equilibrium  in  bulk  byabsorption  of  water  from  the  tissues, etc.hydnemia 
may  also  be  the  result  of  loss  in  the  blood  solids.  A  hydrasmic  state 
of  the  blood  usually  interferes  with  the  functions  of  most  organs,  par- 
ticularly with  those  of  the  stomach  and  intestine,  and,  through  them, 
with  the  general  nourishment  of  the  body. 

371.  Menstruation. — The  4|uantity  of  blood  lost  at  each  men- 
strual flux  being  from  100  to  200  grm.,  the  effect  on  the  general  mass 
of  blood  must  be  considerable.  Contrary  to  what  might  be  expected, 
the  number  of  coloured  corpuscles  increases  (Hayem,  Cadet,  and 
Dup<5rii^),  but  there  is  a  sinking  in  the  quantity  of  hatnoglobin.  At  the 
same  time,  there  is  a  largo  accession  to  the  number  of  small  colmred 
hUxid  corpuscles  or  mkrocyks  (Cadet,  No.  "i  1 3,  and  Dupi' rie,  No.  2 1 2). 
The  hcnmatuhlists  or  hloDdpUUes  are  also  increased  in  number. 

372.  Pregnancy. — According  to  tiuiriquad  (No.  214,  p.  239) 
and  others,  the  ktxmoglobin  is  always  below  the  normal  in  pregnancy, 
in  some  cases  more  than  in  others,  corresponding  to  the  various 
accidents  that  may  be  encountered  during  utero-gestation.  Immedi- 
ately after  accouchement,  for  two  or  tliree  days,  the  quantity  of  Hb 
becomes  still  lower. 

Not  otdy  the  hjemoglobin,  but  the  coloured  corpuscles  have  been 
found  by  numerous  observers  to  be  below  the  normal  number,  particu- 
larly during  the  later  months  of  utero-gestation. 

373.  Sex. — Tito  most  recent  researches  on  the  subject  of  sex  in 
rebition  to  the  composition  of  the  blood  point  to  there  being  a  povetip 
of  coloured  corpuscles  in  the  female  as  compared  with  the  male.  Taking 
the  average  number  per  cu.  mm.  at  5,000,000  for  the  male, 
Hayem  finds  that  the  average  female  blood  gives  only  4,500,000. 
The  quantity  of  hiemwjlohin  is  also  /cw  in  the  female  than  in  the  male 
(Leichtenstern).  The  blood  of  piu"ticularly  stout  persons  usually  contains 
a  siiiudl  amount  of  hibmoglobin,  and  it  reaches  its  lowest  limits  in  chlorosis, 
and  pernicums  anermuL 

Age. — The  blood  of  the  n«w  bom  is  characterised  by  the  greater 
variatiotu  in  the  size  of  its  corpuscles  as  compared  with  those  of  the 
adult  (from  three  to  ten  fi),  most  of  them  being  of  large  size.  Tlieir 
tutmber  appears  to  vary  more  than  in  a<lolescence  (between  4,500,000 
and  6,900,000  per  cu.  mm. — Hayem).  The  number  of  leucocytes 
ia  also  very  high  for  some  days  after  birth,  and  the  hceinatoblasts  or 
blood  platf-Sy  although  less  numerous  at  time  of  birth,  gain  the  normal 
average  in  about  nine  dajs  (Cadet,  he  eU.). 
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The  blood  of  the  child  of  a  fev  years  is  Uu  rich  in  corjmaela  i 

that  of  the  adult,  and  it  is  also  poorer  in  hoemogWnn. 

lu  arltdefC-ence  it  gains  it«  ma-rimnm  of  lurmo^lofiin,  the  small  and  i 
rorjntsdrs  are  le.vt  numerous,  and  the  nutnfier  of  mrjrwscles  rrmainM 
sdeadfiist  at  the  figures  previously  quoted. 

In  M  age  the  number  of  corpuscles  falls  again  to  4,956,000  (C»dH 
luid  Dupim^O  that  of  the  leucocytes  to  6000,  and  that  of  the  hamOkiiuU 
to  255,000,  per  cu.  mm. 


LeirbLnbtern  (No.  215.  1887.  niv. ;  tJao  No.  4»,  1877,  L  p.  2MX 
Vierordt's  method  of  eatim>tiun,  fiutlH,  in  accordance  with  the  prsTioua  i 
of  Deniii  aud  Pogiale,  and  Panum,  that  the  quantity  of  karmoghbin  In  nawijr-boni 
children  is  very  large — 30  |ier  cent  greater  than  in  the  atlult.  It  r»)ii<lly  tiaka 
daring  the  tint  few  wedu  of  extra.uteriue  hfe,  and  reaches  a  minimam  at  ticm  twt 
to  five  yean  of  ago.  From  this  (Ute  it  again  riaes  anil  reachei  a  aeooDd  but  i 
tuAxinium  at  froiu  thirty  to  thirty-fire  yuan.  Toward*  tJu  fiftiath  jiu 
bayoDd  this  it  cinka,  and,  in  old  age,  probably  riica. 


Pathological  Statib  op  the  System  which  Influkxcx  not 

COAGtrLATION  Or  THE  BLOOD. 

374.  The  recent  doctrine  on  the  subject  of  t}ie  coagtilatloa  of  fh$ 
blood  in  health  has  been  brieiiy  stated  under  "InflmimuUkB'* 
(Sect  145).  The  pathological  factors  which  tend  to  alter  iU  ooagok' 
bility  are : — 

(1)  ACUTE  PHLEGM ASL-K. 

S75.  When  blood  is  withdrawn  from  a  vein  in  Man,  it  usaally 
Ijegins  to  coagidate  in  from  two  and  a  half  to  tlircv  minutes,  and  in 
the  course  of  t«n  to  twelve  hours  a  firm,  tough,  and  contncti^  cktt 
has  formed,  from  which  the  serum  has,  in  part,  been  »(|uee2ed  ooL 
'file  up|)er  stratum  of  the  clot,  if  formed  in  a  tall  vessel,  is  ali^bUj 
more  transixiront  and  paler  red  than  the  parts  lower  down.  Tbs 
surface  may  actually  be  yellow  colotired.  The  8l<»wer  the  coagulation, 
the  more  of  this  clear  stratum  forms  on  the  surfucn.  In  the  hof«e, 
whose  blood  coagttlates  slowly,  the  upper  half  of  a  mass  of  blofal  nay 
present  this  |iale  yellowish-pink  layer,  composed  of  fibrin  and 
almost  free  from  blood  corpuscles. 

Thg  more  fihrm  th«  Uood  ctmtaina,  the  slower  U  eoagulaUs,  and  the 
of  this  yellow  layer  is  consequently  seen  upon  the  surface. 

In  acuff.  iv/liimnuiliitim  or  phUgmatur  such  an  eroujxmi 
pUurvif,  prrvearilUixy  in  acute  rfurumatum,  and  in  several  other 
the  amoiuit  of  fibrin  is  increased,  and  the  blofxl  tenils  to  eoaguhlt 
slowly.  A  dense  biifT-colourcd  layer  of  fibrin  c(>tisf<|U<'nt] y  foroM  «ft 
the  surface,  called  by  the  ohler  physicians  thf  crusta  phlogistica. 

Tlie  l!ir;;e  pro]X)rtioii  of  fibrin  in  the  coagulum  in  sudi  caaet  toodl 
lo  cause  the  clot  to  contract  to  an  unusually  great  extent,  and  pdk 
the  surface  inwards.     A  cup-like  depmsion  is  thus  prodaood  npon  HlJ 
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Hence  such  a  clot  was  said,  in  oklen  times,  to  bo  both  htffed  and 
cupped.  The  other  characters  of  inflammatory  blood,  as  Hunter  (No. 
128,  i.  p.  235)  describes  them  are,  that  it  "has  an  increased  disposi- 
tion to  separate  into  its  component  parts,  the  red  globules  become  less 
uniformly  diffused,  and  their  attraction  to  one  another  becomes  stronger, 
so  that  the  blood  when  out  of  the  vessels  soon  becomes  cloudy  or 
muddy  and  dusky  iu  its  colour,  and  when  spread  over  any  surface, 
it  appears  mottled,  the  red  blood  attracting  itself  and  forming  spots 
of  red." 

The  red  corpuscles,  when  examined  microscopically,  instead  of  forming 
islands  of  rouleaux  surrounded  on  all  sides  by  plasma,  rather  incline 
to  accumulate  in  compact  heaps  which  are  in  contact  at  their  circumfer- 
ences. The  colaurless  corpuscles  are  more  numerous,  and  the  fibrin 
threads  are  easily  recognised  on  account  of  their  number  and  density. 
In  acute  inflammations  terminating  suddenly  in  resolution,  the  fibrin 
can  l»e  seen  to  Ijecomc  daily  less  abundant. 

The  separation  of  the  blood  into  the  crusta  and  deep  red 
coloured  part  is  usually  said  to  Iw  owing  to  the  corpuscles  being 
heavier  than  the  plasma.  It  hajs  been  hold  that  as  the  corpuscles 
tend  to  run  together  into  masses,  the*c  sink  more  readily  tliiin  do 
the  corpuscles  in  healthy  blood,^  and  that  this,  taken  along  with  the 
fact  of  the  slow  coagulability  of  the  fibrin,  and  probably  an  alteration 
in  the  specific  gravity  of  the  plasma,  account  for  the  precipitation 
of  the  corpuscles  towards  the  bottom  of  the  vessel  in  which  the  blood 
may  have  been  received. 

Gnlliver(No.  10,  Ixiv,  p.  360,  1S4D)  brought  ont  nomocnrious  facts  bearing  upon 
this  matter,  nuJ  not  by  any  means  mipportinj^  the  theories  just  referred  to.  He 
made  out  that  the  curpusclos  niiik  at  least  twice  as  faiit  in  the  vntire  mass  of  blcxid, 
during  the  fumintiun  of  the  hutPy  coat,  as  iu  the  scnun  alone.  The  falling  of 
the  corpOKles  is  rather  retarded  than  hastened  by  a  thinning,  and  liostcned  by  a 
thickening  of  the  li(|aor  sanguinis.  Tho  cor|iusele.s  of  horse's  blood  sink  iiuicker 
in  hiunaa  serom  of  sp.  gr.  1032  than  in  their  own  somm  of  ap.  gr.  1028. 

It  may  bo  urged,  of  course,  that  these  experiments  were  made  in  a 
very  rough  manner  (merely  watching  the  sinking  of  the  corpuscles  in 
a  tall  vessel).  Their  incongruity  with  other  known  facts  shows  the 
utter  futility,  as  before  pointed  out  (Sect.  344),  of  drawing  any 
conclusions  as  to  specific  gravity  from  dead  blood,  more  especially 
when  it  is  in  large  mass.  Blood  which  is  shed  is  blood  no  more, 
and  it  is  very  probable  that,  insteail  of  the  coloured  blood  corpuscles 
being  so  much  heavier  than  the  plasma,  as  is  generally  supposed,  their 
specific  gravities  are  almost  identical  in  Hviiuj  blood  as  it  circulates  in 
health.     (See  Chap.  xiii,). 

The  amount  of  fibrin  which  separates  from  normal  blood 
is  about  2  5  parts  in  1000  (Gamgee).     In  disease  it  may  amount  to 

'  The  oorpuMiIes  fall  ranch  fa.ster  after  tho  lirst  two  or  three  minutes  than  before, 
probably  from  their  becoming  aggregated  into  heapi. 
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as  much  as  1 0  parts  in  1 000  (hyperinoeia)  or  it  may  siiik  ooDsidflnU|jr 
Mow  the  normul  (hypinosis).  It  is  much  increased  in  all  ffwm 
acute  inflammatory  diseases,  and  slightly  so  in  chloroeisv  fngatmj, 
trivial  inflammatory  affections,  and  in  certain  casos  of 
(Gam  gee). 
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(2)  HjEmophilia  or  purpura  h.-emorrhagica. 

376.  It  has  been  suggested  that  the  cause  of  this  diseaae,  in  whiek 
there  is  a  tendency  to  incontrol  table  hemorrhage  from  varioas  part*  of 
the  body,  is  a  diminished  proportion  of  tibrin  in  the  blood.  Such  u  aol 
found  to  be  the  cose.  In  roost  of  the  ilLitheses  in  which  there  is  that 
tendency  to  bleed  (gout,  scorbutus,  etc.)  the  fibrin  is  said  to  be 
times  mther  increased  than  decreased. 

(8)   PRESENCE  OF  BILE  ACIDS, 

377.  Icteric  blood,  after  death  at  least,  has  frequently  little 
ency  to  coagulate.  Bearing  upon  this,  Nauck  (No.  217,  1886), 
Samson-Himmelstjoma  had  pre\'iously  demonstrated,  finds  that  hile- 
acids  added  in  the  proportion  uf  2  per  cent  to  unfiltered,  and  in  tlutt 
of  1  per  cent  of  filtereil  x'laama,  entirely  prevent  coagulation. 


(4)  PEPTOK.'EMIA  AND  TRYPTONjEMIA. 

378.  Peptone  (Schmidt-Miilheim)  and  Tryptonc  (Albertoni)  wImb 
injected  into  the  blood,  have  been  found  to  suspend  coagulation  (N*. 
247,  1880,  p.  50).  Fano  (No.  49,  LS82,  i  p.  131 )  sUtos  that  pepton* 
does  not  interfere  with  coagulation  when  mixed  with  blood  oatjidt 
the  body,  but  only  when  it  is  injected  into  the  blood-vessels  of  ■  living 
iinimaL  Schmidt-Miilheim  found  that  the  {jeptone  disappeared  nfiStj 
from  tho  blood  ;  and  Fano  believes  that  the  greater  part  of  the  pc^^toat 
absorb<>d  from  the  alimentary  canal,  or  introduced  into  the  circulatiua 
by  artificial  injection,  is  converted  into  albumin  (globulin).  Hi* 
elements  which  bring  this  about  are  the  coloured  blood  oorposelML 
Fuio  (No.  51,  Phys.  Ab.  1881,  p.  277)  gires  03  gnn.  peptone  misad 
with  a  0'5  per  cent  salt  solution  for  each  kilo  weight  of  the  animal,  ia 
Miimals  up  to  10  kilos,  aa  being  best  suited  to  obtain  a  lAtiirfiMilMj 
result  The  quantity  of  the  peptone  dissolved  in  the  nil  sohitioa 
was  usually  10  per  cent. 

The  blood  remains  fluid  for  days  if  removed  immivliately  after  the 
injection,  and  the  procedure  is  more  effectual  if  the  pt-ptune  is  i^jeetad 
rapidly.  In  three  hours  afterwards,  it  coagulates  as  usual  If  a  secood 
injection  of  peptone  be  made  after  this,  it  has  no  effect,  even  if  the 
dose  be  larger.  After  twenty-four  hours,  howerer,  the  peptone  aeli 
as  usual  He  believes  that  a  substance  is  generated  in  the  blood 
which  hinders  coagulation,  and  which  in  coarse  of  time 
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destroyed.     If  peptone  blood  be  mixed  with  normal  in  equal  quan- 
tities, its  coagxUability  is  destroyed. 

With  trtjptone,  and  by  that  he  understands  pancreatic  peptone,  he 
has  not  been  so  successful,  althou^li,  physically,  it  seemed  to  be  identicil 
with  ordiniiry  peptone.  As  a  nile,  peptone  has  Utile  or  no  effect  upon 
the  blood  of  rabbits. 

(5)  MORBID  STATES  OF  THE  BLOOD-VESSELS. 

379.  Wherever  there  is  any  roughness  of  the  lining  membranes  of 
the  heart  or  biootl-vesaels,  there  is  a  tendency  for  the  blood  to  coagul- 
ate upon  the  ruugliened  part  (see  Sect.  208).  Acute  endocarditis, 
acute  arteriitis  or  phlebitis,  or  a  varicose  state  of  the  veins 
of  a  iMirt,  particularly  predispose  to  the  local  precipitation  of  blood- 
clot. 

(6)  IMPEDED  RESPIRATION. 

380.  In  conditions  where  the  natural  interchange  of  gases  in  the  lung 
has  been  interfered  with  to  such  an  extent  as  to  have  brought  about  a 
fatal  result,  as  in  death  by  hanging,  the  blood  remains  more  or  less 
uncoaguhited. 

The  inhalation  of  oxygen,  on  the  contrary,  renders  coagulation 
after  death  more  complete. 

(7)  SUDDEN  SHOCK. 

381.  In  cases  where  death  occurs  suddenly,  as  from  Lghtning,  a 
fall  from  a  height,  a  blow  on  the  solar  plexus,  or  from  sun-stroke,  the 
blood  is  said  to  remain  liquid  after  death,  or  to  coagidate  only  very 
softly.  Very  much  the  same  statement  was  made  by  John  Hunter,  but 
some  of  the  causes  alleged  by  him  to  bring  about  this  result  require 
reinvestigation. 

(8)  HYPINOTIG  DISEASES. 

S82.  In  those  diseases  in  which  the  blood  contains  a  small  pro- 
portion  of  fibrin,  such  as  scorbutus  and  typhus  fever,  the  coagulation 
after  death  is  feeble. 

LitfnUure  on  CoagvlahUUy  of  BUmd  in  DitfiMg. — AddiSon  :  LoocL  Med.  Gaz.,  1.  1841, 
pp.  477.  $89.  Davy:  Phil.  Trans.  Loud.,  cxii.  1822,  p.  271.  Flint :  Buiralo  M.  J., 
xii.  1856,  p.  65.  Gulliver  :  Glin.  M.  uml  S.  J.,  Ixiv.  1845,  p.  360.  Hayem  :  S.ie.  t„vd. 
d.  hflp.,  1881.  Hayne  :  Mc.i.  Jnhrb,,  Wien.  xlvlii.  1844,  p.  146.  Jones  (T.  W.) : 
RefMiit  oil  tlie  Clii>nij-«i  of  ttii*  Btood  in  Inflnniinntion,  and  on  the  nature  oT  tlio  Hriitiug 
Process.  Naunyn :  Arch.  f.  exper.  path.  a.  Pharmakol.,  i.  1873,  p.  i.  Richardson  : 
FibrinouH  Glements  of  the  Blooil  in  lielation  to  Diwase,  1851  ;  alio,  The  Cause  of  the 
Owi^lnlinn  of  the  Blood  (Antley  Coojier  jirlie  esxay),  18D8 ;  n/«i,  On  Fibrinomi 
r)epo«itloD  in  the  Heart,  1859.  Scudainore :  Essay  on  the  Blood,  etc.,  1824. 
Taylor:  Lond.  Med.  Phy.siol.  Jouni.,  xi.  1831,  p.  187.  Vierordt :  Arch.  d. 
Hoilk.,  lix.  1878,  p.  193.  Virchow :  Archiv.  f.  pnlh.  Aiiat.,  i.  1847,  p.  547  ;  Ihid.. 
ii.  1848,  p.  687  ;  Ibid.,  v.  1862,  p.  43.  Wunderlich  :  Arch.  f.  physiol.  Hellk.,  L  1842. 
p.  459. 
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Extraneous  Ciecumstances  affkctino  CoActTATiox. 

383.  Rapidity  of  Stream. — It  is  generally  julmitted  that 
drawn  gradually,  coagulates  more  rapidly  than  when  it  flows  in  •  ftf ' 
stream  (Richardson,  Xo.  220,  ]i.  27). 

384.  Shape  of  Vessel. — Coagulation  takes  place  slowly  mhtn  tht 
hlood  is  allowed  to  run  into  a  tall  vessel  Richardson  (ItK.  fit),  in- 
fluenced by  tlie  theory  that  free  anunonia  is  the  agent  which  {irerenU 
the  blood  from  coagulating  spontaneously,  accounted  for  it  by  the  tall 
vessel  hindering  the  ammonia  from  e8ca{)ing. 

385.  Ag^itation. — Moderate  agitation  in  the  open  air  is  said  to 
favour  it,  while  agitation  in  a  closed  vessel  retards  it  (Kicbardaoa,  tic 
cU.,  p.  28). 

386.  Presence  of  Oil.— Freund  (No.  229,  1886,  p.  296)  aUlcS 
that,  if  blood  be  allowed  to  esca])c  from  a  severed  carotid  under  oil,  or 
into  a  vessel  smeared  witli  vaseline,  it  does  not  coagulate  at  ths 
ordinary  temperature  of  a  silting-ruom  witiiin  twenty-four  hours  after 
being  shed,  not  oven  when  stirred  with  a  clean  glass  rod.  If  it  he 
p^e^■ented  from  drjing,  and  be  protected  from  dust,  it  will  reanil 
liquid  for  days,  and  afl'ords  a  means  of  obtaining  a  complete  meftntkm 
of  the  blood  corpuscles  from  tho  supernatant  plasina. 

If  a  glass  tube  coated  with  vaseline  be  placed  in  the  carotid,  a  dol 
is  not  precipitated  upon  it 

Haycraft  (No.  189,  July  1887)  made  a  parallel  set  of  experiaat^ 
and  arrived  at  very  much  the  same  conclusions. 

The  above,  however,  constitute  no  new  ox]>erienoe.  Ma^^endie  (Ka. 
59,  1838-9,  i.  p.  635)  found,  on  mixing  frcshly^lrawn  blood  withail, 
that  the  coagiUum  which  formed  was  particularly  soft.  fiafatogtoa 
(referred  to  by  Richardson  from  oral  communication)  discovered,  wka 
h»  immersed  the  head  of  a  cock  under  oil,  and  in  this  position  cnt  tks 
head  off"  and  allowed  the  blood  to  settle  to  the  Iwttom  of  the  veaari, 
tliat  coagulation  was  very  much  rctardc<l.  Richanlson  {h>f.  ril.,  \y  209) 
made  a  number  of  ex]>erimonts  on  the  same  Mibject,  finding;  that 
coagulation  was  retarded  by  covering  the  blood  with  oil,  and  that  iIm 

;wlnm,  when  formed,  was  particularly  soft. 

387.  Salt  Solution. — If  fish  bluddors,  or  parchment  tabes  bwoDm 
in  phy.tiolnginil  salt  solution  be  filled  with  blood  frnm  n  canoola  ooalad 

rith  vaseline,  aitd  Iw  afterwards  hung  up  in  salt  solution,  coagnlatioa 
not  occur  within  twenty-four  hours,  nor  is  tbore  any  ezudatioo  of 
lie  colouring  matter.  The  blood  remains  as  in  a  living  vessel  (tVeasd, 
fhc.  eii.). 

388.  Leech  Secretion.— Haycraft  (No,  149,  18&4,  Nacez 
discovered  that  the  medicinal  leech  8ecret«s  from  its  month  a 
which   prevents   coagulation,  he   believes,   by  deetrojring   tha   blood' 

sent. 

389.  Presence  of  Free  Ammonia. — Free  ammonia  prercnts 
coagulation.     Kichardson  was  led  to  believe  {loe.  cii.)  that  during  life 
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sufficient  free  ammonia  was  present  to  retain  the  blood  in  a  fluid  state. 
The  theory  is,  however,  not  generally  entertained  itt  the  present  day. 

390.  Temperature. — A  low  temperature  raiiterially  retards 
coagulation.  If  the  blood  be  frozen  within  a  vein  and  subsequently 
thawed,  it  will  still  be  found  to  be  fluid,  and  will  coagulate  in  a  few 
minutes  afterwards  (Hewson,  No.  230,  p,  17).  Heat,  on  the  other 
band,  as  demonstrated   by  Hewson  {loc.  di.,  p.  4),  tends  to  hasten 

~       Hilation. 

391.  Other  Circumstances. — The  admbrture  of  various  salts 
has  the  power  of  retarding  or  entirely  i>reventing  coagulation,  and  a 
similar  eft'oct  is  noticed  when  egg  albumin,  syrup,  glycerine,  mucilage, 
or  water,  in  quantity,  ia  added  (Hewson,  Gulliver,  Richardson). 


Fate  of  Transfused  Blood. 

392.  Some  interesting  points  bearing  upon  the  pathology  of  the 
blood  are  opened  up  by  the  subject  of  transfusion.  Does  the  re- 
moval of  the  fibrin  unfit  the  blood  for  the  needs  of  the  organism,  and 
how  soon  is  the  fibrin  restored  1  What  is  the  history  of  blood  trans- 
fused from  OHH  animal  to  another  of  the  same  kind?  What  becomes 
of  transfused  blootl  taken  from  an  animal  of  a  different  kind  7 

DnmM  Mid  PreTOSt  (No.  222,  1821,  T.  17  ;  Ann.  do  chimie,  1821,  T.  18,  p.  2M) 
and  J.  M(iller  (Xo.  2*23,  i.  p.  124)  ii«<.>m  to  hnvv  bv«n  the  first  to  make  ont  tluit 
defibrinated  blood  could  bo  transfused  nitli  imjiuuity.  Mageudie  (No.  224,  T.  iv.) 
fouD<l,  when  blood  is  withdrawn  from  a  dog,  iiufilirinat«d,  and  again  injected,  that 
thore  followed  hn-'morrhagic  cedeina  of  the  lungs,  together  with  hieuiorrhagea  into, 
and  capillary  injection  of,  thv  uiuvoua  luembraue  of  the  intestine,  and  he  suppomd 
that  ono  of  the  functions  of  tbo  fibrin  most  be  to  favour  the  poasago  of  blood  throng 
the  capillaries. 

Pauum,  however  (So.  18,  xxru.  1863,  pp.  240  and  433),  after  many  cxperimrnts, 
yrm»  un«ble  to  confirm  this.  He  found  that  the  deprivation  of  the  blood  of  its  fibrin 
has  no  niarkod  effect  so  long  as  the  animal  ia  of  the  sani«  species,  and  explains 
Mageuilic'a  result*  by  the  collatem!  circumstances  of  tbo  oxjwriment.  Fibrin  is 
reproduced  iu  its  noniial  amount  in  at  l«ast  forty-eight  hours  (Pannui)  aft«r  being 
abstmctwl  in  as  great  quantity  m  possible. 

Lower  (No.  1 74)  proved  that  an  animal  could  live  when  its  blood 
was  entirely  substituted  by  that  of  another  animal  of  the  !»nrw,  spades. 
He  bled  a  dog  of  medium  size  from  the  jugular  vein  until  it  became 
collapsed  and  convulsed.  He  theu  allowed  the  blood  from  the 
ctniral  artery  of  a  second  dog  of  large  size  to  run  into  the  opened 
vein  until,  he  says,  it  became  evident  that  the  first  dog  was  dis- 
tended with  blood.  He  stopped  the  transfusion  at  this  point,  and 
again  allowed  the  blood  to  escape  from  the  vein.  This  was  repeated 
imtil  the  small  dog  had  received  the  blood  of  two  such  large  dogs, 
so  that  there  was  good  reason  to  believe  that  there  had  been  a 
complete  substitution  of  the  foreign  blood  for  that  properly  belonging 
to  the  animal.     When  the  subject  of  the  experiment  was  released,  it 


I 


sprang  actively  from  the  table,  and  continued  to  run  nbot 

spirits  than  it  bad  been  before  the  operation.     The  rxperinicot  ^i 

not  seem  to  have  deleteriously  affected  ita  well-being  in  the  altghtm 

degree.      A   commission   appointed   by  the    I*hilus<)phic;il    Suctc^  of 

London  to  inquire  into  the  matter,  repeated  the  experiuieni  with  Uka 

resulta 

The  animals,  moreover,  continued  permanently  in  good  coodhiam 
showing  that  the  corpuscles  are  not  destroyed,  but  tlmt,  when  tniM- 
fuseil  from  the  vessels  of  one  animal  into  those  of  anoth»T  of  tbe 
species,  they  continue  to  circulate  and  to  supply  the  WKnts  of 
system. 

r*nuni  {loc.  eit.,  p.  453)  has  repeated  these  experiments,  finding,  in  oH«r  tkil 
the  oxperiment  may  bo  suocewful,  that  the  blood  must  be   filtcrvtl   through 
linuii.     He  itataa  th&t  the  entire  blood  of  &n  animal,  or  at  lewt  down  to  S  pot 
can  l«  replaced  by  the  deflbriaated   blood  of  another,  aiiimal  vilboat 
injury. 


rtki  ■ 
■Ok 

in  from  ^ 


There  seems,  in  bygone  times,  to  have  been  considerable  diiaufey 
of  opinion  as  to  what  comes  of  the  blood  corpuscles  when  uken  ~ 
an  animal  of  a  differeni  kind.  Marfels  and  Moloschott  (No.  235,  1836, 
L  p.  61)  recognised  the  blood  corpuscles  of  the  sheep  in  the  circalatiiMi 
of  the  frog  months  after  tiiey  had  been  transfused,  and  Brows 
S«k|iiard  (No.  226,  i.  p.  173)  detected  bluud  cuq>uacle>  of  Um  doiga 
month  after  they  had  been  transfused  into  the  veasela  of  gonao  nil 
fowls.  Magendie  (No.  59,  1838-39,  i.  p.  889),  however,  ulthotigh  be 
could  inject  4  centilitres  of  dog's  blood  into  tlie  circulation  of  a 
bird  with  impunity,  found  that  the  eorpuadtt  became  destroyed  or 
in  meh  a  vninncr  Ikul,  in  cmme  of  timr^  none  friif  normal  eorpmadm 
diaeoveraiiU. 

Magendie's  results  are  now  pretty  generally  acccptod.  TIm 
ence  or  ul^senco  of  foreign  corpuscles  after  their  transfusion,  no  deabt. 
depends  upon  the  time  which  has  elapsed.  One  thing  woni  oertain, 
namely,  that  tfuy  are  not  rtgfneratrd. 

Between  animals  closely  relaleti,  blood  can  evidently  be  interchanged 
with  impunity,  such  as  tho  blood  of  the  calf  for  that  of  the  ]aaab 
(Boot),  and  horse's  blood  for  that  of  the  ass  (h/lwards),  but  in  the 
OMO  of  Man  it  has  been  found  that  ii  m  w/e  to  Iran^ute  cmlf/rom  mi 
imdmduai  to  another. 

TRANSFUSION  INTO  THE  PERITONEUM. 

393.  From  tho  fact  that  liquids  are  so  rapidly  abaorb«d  froan  Ike 
serous  cavities,  it  has  been  suggested  that  blood  might  be  tnuuftiHd 
into  the  vcwels  throtigh  tho  {leritoneum  instead  of  into  Uw 
directly.  It  has  also  been  supposed  that  blood  ofnuod  into  n 
might  bo  absorbed  back  into  tho  circulation. 

HtstoricaL— Aeoording  to  Hunter  (No.  5,  xxi.  1887,  p.  13»),  Eans  (!Vok  M, 

1878,  p.  £87)  tsanu  to  have  originally  drawn  attention  to  this  paritooaal 
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of  blood,  but,  of  lute  years,  it  has  been  made  the  subject  of  searching  inquiry  by 
Bizzozero  and  Golgi,  Quincke,  Huuter,  and  others. 

Hunter  {lue.  eil.)  shows  that  in  aniiQu,l§,  if  sathcient  precautions  are  taken,  con- 
aidcrahle  quantities  of  blood  can  be  injected  into  the  peritonea]  cavity  with  im- 
punity. 

Ponfick  (No.  43, 1879,  p.  689)  augigested  its  use  in  persons  suffering  from  anzmia, 
and  put  it  iuto  practice  in  sevoral  cases.  Others  have  since  then  also  cmjiloyed  it. 
The  results  are  not  encouraging,  for  although  in  certain  instances  it  seems  to  have 
done  good,  yet  in  others  severe  and  fatal  peritonitis  resulted. 

Fate  of  the  Corpuscles. — An  interesting  question  comes  to  be, 
whfthir  tlie.  cvrpuscks  (jet  hade  into  tlie  ckcdation  nninjurcd  and  jit  for 
crculation  pui-poics.  Bizzozero  and  Golgi  {No.  50,  xvii.  1879,  p.  917) 
found  that,  in  rabhits,  a  large  number  of  the  blood  corjuiscles  injected 
into  the  peritoneum  made  their  way  back  into  the  blood-vessels.  In 
twenty  minutes  after  injection  there  was  a  distinct  increase  in  the 
number  in  the  vessels,  atid  the  maximum  was  reached  on  the  first  or 
second  day.  The  richness  in  haemoglobin  was  estimated,  with  the 
re«uit  that  its  quantity  corresponded  to  that  of  the  blood  injected. 
The  highest  increase,  however,  did  not  amount  to  more  than  57  per 
cent  of  that  originally  preisent  iu  the  circulating  blood.  The  increase 
lasts  more  than  a  week,  and  in  one  animal  thej'  found  a  sensible  Ln- 
crease  after  twenty-seven  days.  The  augmentation  takes  place  both 
when  the  animal  is  unaltered  and  when  it  is  rendered  artificially 
ansemic  previous  to  the  experiment. 

The  excretion  of  the  excess  of  corpuscles  from  the  blood,  according 
to  Quincke  (No,  HO,  xxxiii.  1883,  p.  22),  causes  a  deposition  of  iron 
albuminate  in  the  bone  marrow,  in  the  spleen,  and  in  the  leucocytes 
of  the  liver  capillaries,  exceptionally  also  in  the  gland  cells  of  the  liver 
and  kidney.  Jaundice  did  not  follow  repeated  subcutaneous  injections 
of  blood. 

Hunter  (toe.  eiL)  very  properly  particulnrises  the  durability  of  the  corpuscles 
within  the  vessels  as  being  the  matter  of  real  importance.  The  presence  merely  of 
free  hemoglobin  in  the  blond  is  absolutely  Ui^elesui  an  an  aid  in  the  economy  of  the 
system.  It  Is  soon  all  removed,  mainly  through  the  agency  of  the  liver.  It  is 
different  when  coloured  oorpuscles  are  actually  introduced  into  the  circulation. 
"While  they  remain,  they  perform  functiona  siciilar  to  those  already  present,  and 
afterwards  perish  in  a  like  manner. 


SYSTEM ATIO  EXAMINATION  OF  THE  BLOOD. 

394.  The  methods  of  preparing  the  blood  for  ordinary  histological 
examination  have  already  been  detailed  (Sect.  145).  It  only  remains 
now  to  say  that  the  anatomical  examination  of  any  sample  of  bloo<l  in 
order  to  be  complete  shouhl  comprise  (I)  that  of  its  histological  char- 
acters ;  (2)  the  determination  of  the  jwwer  of  coloration  (Sect  349) ; 
and  (3)  the  numeration  of  its  corpuscles  (Sect.  357). 


CHAPTER  XXXI 


THE  BLOOD— CotKtmwd 


Sources  of  the  Blood  CoitPU8CLB& 

395.  The  org&iu  engaged  in  the  manufactttrf^  if  the  term  may  be  nati  * 
ill  such  a  sense,  of  the  blood  corpuscles  during  the  periodi  ol  ialn- 
utorinc  or  extra-uterine  existence,  do  not  appeur  to  be  exactly  alik*.    lite 
liver  is  evidently   one  of  the  chief  blood  corpuscle  forming 
during  the  former,  while  in  the  latter  tliia  function  seems  to  be 
pletely  iinnuUed.     As  the   known   pathology  of  the  blood   is 
exclusively  confined  to  extra-uterine  life,  the  remarlu  on  its  foniMliaB 
]irc8t>ntly  tu  be  offered,  \«ill  be  limited  to  this  phase  of  existence. 

396.  Rapidity  of  Reproduction. — The  rapidity  with  whidi  Um 
blood  corpuscles  arc  repaired  in  Man  seems  to  l)c  confiiderfchty  ii 
ence<I  by  collateral  circumstances.  A  good  deal  eviflontly 
upon  tho  simount  lost.  In  the  caso  of  passive  furmorrluvfa,  aadi  as 
hromoptysis  or  metrorrhagia,  it  has  been  calculateil  by  Hsjem, 
Hiinerfauth,  and  Kermisson  that  a  loss  of  from  340  to  350  gmuMS 
<10  to  12  u/..  av.)  is  regenerated  in  from  ten  to  fift«en  dayiw  A 
similar  quantity  lost  traumatically  or  during  a  surgical  oftntiati  ■ 
recoveretl  more  slowly.  Kermisson  (No.  205)  explains  this  spparaot 
anomaly  by  tho  disturbance  caused  to  the  whole  system  by  shock. 

litpfiiUd  htrnwrrhayts  in  an  otherwise  healthy  individual,  hsvs  s 
more  deleterious  effect  upon  the  regenerating  powers  of  the  bkiod- 
forming  organs  than  a  single  large  hemorrhage. 


a.  SOURCSB  OF  THE  LeUOOCTTES. 


397.  Tho  most  important  |)ossible  aourees  are  the  (oUotring  :^ 

(1)  From  leucocytes  pre-existing  in  the  blood. 

(2)  From  the  lymph  glands. 

(3)  From  the  spleen  and  bono  marrow. 


ORAP.  xxn 


SOURCES  OF  BLOOD  CORPUSCLES 


(1)  FROM  LEUCOCYTES  PRE-EXISTING   IN   THE   BLOOD. 

398.  If  the  presence  of  multiple  nuclei  were  to  be  regarded  as  evi- 
dence of  cell  division,  there  would  be  good  reason  for  belte^'iiig  bhat,  as 
the  colourleaa  corpuscles  circulate,  they  are  also  engaged  in  regenerating 
thetoBelves.  It  seems  improbable,  however,  that  the  double  or  tripartite 
nucleus  frequently  seen  in  them  is  an  expression  of  this  (Virchow, 
Ltiwit).     In  mammals  it  is  usually  regarded  as  a  sign  of  degeneration. 

It  has  been  Jtsserted  by  Klein  (No.  50,  1870,  p.  17),  however,  that 
in  the  triton's  blood,  a  true  division  of  the  colourless  corpuscles  is  to 
be  noticed,  and  the  fact  that  a  karyomitotic  network  is  frequently  pre- 
sent within  them,  would  point  to  the  possibility  at  least,  of  its  taking 
ploca 

Liiwit  (No.  12,  bcxxviiL  Ab,  III.  H.  i.-v.  1884,  .Tahrg,  1883,  p.  356)  fonml 
evidence  of  indirect  division  in  the  coloured  corpuscles,  liut  never  in  the  colourless, 
either  in  circulating  blood,  or  in  blood-forriiiug  orgaos.  He  regards  regenerative 
division  of  any  kind  in  leucocytes  circuUtiug  in  the  blood  as,  at  all  times  rare. 
Flemming  (No.  86),  Peremeschko  (No.  14,  vi.  1880),  and  Arnold  (No.  18,  xevii. 
1884,  p.  107),  however,  admit  of  its  oocarrencc. 

Bixzozoro  (No.  208,  xxxvi.  1685,  p.  865)  states  that  indirect  division  goes  on 
AJtively  within  the  leuvocytcs  in  loucocythajmia. 

It  would  therefore  seem,  that  although  certsiinly  the  division  of 
a  leucocyte  in  circulating  human  blood  may  at  times  be  met  with,  yet 
that  the  number  which  are  regenerated  by  this  means  must  be  com- 
paratively small. 

(2)  FROM  THE  LYMPH  GLANDS. 

399.  Authors  are  pretty  well  agreed,  that,  if  these  are  not  the  only 
source  of  the  leucocytes  present  in  the  blood,  they  must  at  least  be  one 
of  the  most  fertile.  The  blood  of  the  right  side  of  tbo  heart  is  con- 
siderablj'  richer  in  leucocytes  than  that  of  the  left,  most  probably 
from  the  lymph  corpuwles  poured  into  it  from  the  vmious  lymph 
channels. 


(3)  FROM  THE  SPLEEN  AND  BONE  MARROJF. 

460.  The  spleen  has  long  been  held  to  be  an  organ  concerned  in 
the  formation  of  leucocytes,  more  especially  since  it  was  shown  ])y 
Bennett  and  Virchow  to  be  increased  in  size  in  Leucocytbaemia,  a 
disease  in  which  the  colourless  corpuscles  are  in  great  excess  in  the 
blood.  The  enlargement  of  the  spleen  is  chiefly  due  to  an  accumu- 
lation of  these  cells  within  it,  and  hence  the  association  of  its  function 
with  that  of  the  preiwration  of  the  leucocytes  in  health  followed  as  a 
natural  consequence.  Schultz  (No.  210,  pt  ii.  p.  497,  quoted  by 
Virchow),  called  the  spleen  "  a  mesenterial  gland  of  the  stomach,"  and 
Virchow,  in  considering  the  lymph  glaoda  as  a  possible  source  of  the 
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co1ourle«9  cells  in  Leucocythapmia,  gives  support  to  tbi«  id«a.  Ht 
would  thus  account  for  the  simultajieous  implication  of  tht  \ymfh- 
glands  and  spleen  in  that  disease. 

The  blood  of  the  splenic  vein  is  elsewhere  referrtsd  to  {SetL 
410)  AS  contiiining  more  coloured  blood  corpuscles  than  that  of  tkc 
splenic  artery.  There  has  l>een,  until  lately,  an  almost  uni' 
concensus  of  opinion    that  it  also  contains  more  leucocytes. 


I 


Hirt,  experiiaenting  upou  the  cftlf,  Toiind  the  proportion  of  floloaridai  to  i 
to  )h)  as  1 :  70  iu  the  »pIonic  vein,  while  it  did  not  ainoant  to  mor»  ihma  1  :  SMA  It 
the  trteiy.     Funko,>  rande  out  the  proportion  in  the  tplenic  rein  of  th«  ham  t*  bt  m 
1  : 8  or  even  1:2;  while  Vii-rordt,'  tllvged  that  in  Man  it  wm»  1  :  4*9  is  tk«  viia; 
and  Frey' as  1:102. 

Gibson  (No.  5,  xx.  1880,  \t.  353),  on  numerating  the  eorpnaelea  by  BMhn 
ethoda,  foand  the  proportion  in  the  splenic  rein  of  a  dog  to  be  ■•  1 :  701*1,  te  tiw 
■as  1:781-8. 
TarchanolT and  Swaen  (Ko.  4,  a.  187S,  p.  824),  aim  euiplojinf;  mudera  nadMi 
of  numeration,  have  pUced  the  number  of  lcuoocyt«s  contained  in  the  v«te  MM 
below  that  of  the  aplenic  artery.  The  following  table  roprewuta  the  rMolta  af  bv 
ofaacrvations  made  by  them  n]><Mi  the  blood  of  th«  splenic  artery  and  rma  in  lb 
Jot;, 
(a)  Blood  of  the  splenic  art«ry  8,200  wh.  Corp.  per  cil  I 

„        vein  7.600 

(6)  Blood  of  a  short  splenic  artery  10,100        ,, 

M  ,•        ••  reinule  4,300        „ 

(c)  Blood  oft  splenic  artery  8,000        ., 

„        „  veiiiule  .         5,800 

id)  Blood  of  the  splenic  artery  ...        5,800        „ 

„  a  splenic  Teinule  7,(>00        ,» 

From  these  results,  they  say,  it  follows  "  iJuU  Che  blcod  <fli4tplmie-wtim,Jkr,^9m 
eontaininn  an  tmormirw  quantity  of  iWi  i£r  gluhula,  in  rmtitf  tmltimfmctr  \ 
nftiui  artery." 

It  Mould  therefore  seom,  that  a  number  of  the  cotourUiw  calb 
which  enter  the  spleen  by  the  artery  are  either  destroyetl  or  an  l»- 
tainod  within  it  Dilatation  of  the  spleen,  such  as  that  which  foOowi 
section  of  its  nerves,  causes  the  nnralxr  retained  to  be  still  gmtcr, 
it  may  be,  by  opening  up  the  cavernous  structure  of  the  organ,  and 
rendering  the  liability  of  the  leucocytes  becoming  ontangled  ia  it 
greater. 

The  fig:ure8  quoted  from  Funke,  Vierordt,  and  Frey  are  mimiftirthr 
far  too  high,  owing  to  fuulty  methods  of  examination,  while  Olbna* 
tigiires  crime  much  ntMn-i  the  truth.  Observations  made  aft«r  dcetlt 
are  worthleiis,  and  hence  those  made  on  Man  must  be  pat  out  tt 
account.  It  seems,  moreover,  to  l>e  likely  that  the  number  ef 
leucocytes  may  vary  with  tho  general  condition  of  the  aninttl  at  tlM 
time  of  observation. 

There  is  no  doubt  thiit  the  matter  is  open  to  (aUmj,  tad  tkafcj 
further  experiments,   canfiilly  cuDductc<l,  and   oflen  ripeftUd, 
*  Qaotcd  by  Tarohanoff  and  Swaan,  Ka  4,  fi.  1875,  p.  SSt. 
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necessary  to  arrive  at  accurate  conchision8.  The  nnmber  of  leuco- 
cytea  to  be  foun<l,  in  the  human  spleen  at  least,  under  what  might 
be  considered  analogous  conditions,  almost  suggests  that  they  are 
Btored  up  in  its  substance  at  times,  to  be  given  off  to  the  system  as 
required. 

If  there  bo  a  paucity  of  colourless  coq>iuscles  returning  from  the 
spleen,  the  theory  which  regards  it  as  a  colourless  corpuscle  forming 
organ  would  seem  to  have  no  foundation ;  indeed  it  is  more  just  to 
conclude  that  at  least  some  of  the  colourless  corpuscles  entering  it  are 
destroyed,  mostly  by  becoming  converted  into  coloured  blood  cor- 
puscles. 

In  support  of  the  latter  view  it  is  urged  that  excision  of  the 
spleen  causes  a  leucocytosis  (Zosivs,  Winogradoff,  Tauber,  and  CJikson), 
evidently  by  aboli.shing  its  blood  transforming  functions.  In  course 
of  time,  this  leucocytosis  disappears,  ami  coe.xistentty,  the  mesenteric 
lymph  glands,  and  in  certain  cases  the  bone  marrow,  become 
vascular  and  crowded  vrith  half  transformed  blood  corpuscles,  obviously 
pointing  to  the  existence  of  a  compensatory  function  in  these 
structures. 

The  red  bone  marrow  is  also  held  by  some  to  be  a  source  in 
health  of  the  leucocytes,  while  others  as  regidarly  deny  any  action  of 
this  kind  possessed  by  it  Large  numbers  of  cells,  identical  with 
leucocytes!,  are  certainly  found  within  it  (see  Sect.  412),  but  whether 
these  are  to  be  regarded  as  having  sprang  directly  from  it,  or  merely 
as  having  been  sifted  out  of  the  blood  circulating  through  its  porous 
structure,  is  open  to  question. 

It  seems  to  be  certain,  however,  that  having  accumulated  here, 
from  whatever  source,  they  subserve  a  most  important  purpose  by 
becoming  transformed  into  coloured  blood  corpuscles. 


GENERAL  CONCLUSIONS  IN  REGARD  TO  THE  ORIGIN  OF 
THE  COLOURLESii  CORPUSCLES. 

401.  It  seems,  therefore,  pretty  clear  (1)  that  the  main  source  of 
the  blood  leucocytes  is  the  lymph  glands. 

(2)  The  spleen  and  bone  marrow  are  probably  the  seat  of  develop- 
ment of  some  of  them,  but  not  of  the  majority. 


(6)  Sources  of  the  HjEmocytes. 

402.  The  alleged  sources  of  these  vnll  be  considered  in  the  following 
order : — 

(1)  From  pre-existing  corpuscles  of  the  same  kind  in  the  blood 
itself.  (2)  From  blood  leucocytes.  (3)  From  the  hienuitoblasts  or 
blood  plates.  (4)  From  the  endothelium  lining  the  walls  of  the 
minute  vessels. 
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(1)  FROM  PRE-EXISTING  CORPUSCLES  OF  THE  SAME  KIXD 
IN  THE  BLOOD  ITSELF. 

403.  Seeing  tfaat  the  coloured  blood  corpuscles  of  mammal  v^ 
the  exception  of  the  camel  and  llama,  do  not  poaseaa  a  nadeut,  it  ii 
hard,  at  first  sight,  to  conceive  of  their  regeneration  by  division.  Fnm 
the  fact,  however,  tliat  these  mammals  have  nucleated  corpaack%  ud 
also  seeing  that  the  embryo  mammalian  blood  corpuscles  are  nnrloitrf. 
there  is  the  possibility  that  those  of  Man,  under  certain  eonditioMi 
might  develop  a  nucleus. 

This  actually  hapjiens  in  disease.  Klobs  (Na  13,  zxxvuL  1867, 
p.  190)  appears  to  have  discovered  them  in  a  case  of  IrtteoejfAmmia^ 
but  of  late  they  have  been  found  in  many  other  morbid  states  such  a« 
chronic  secondary  anemia  (Littcn  and  Orth,  No.  43,  Jabrg.  xir.  18*7, 
p.  743),  ;wmt«OTis  aiunnia  (Cohnheim,  No.  13,  btviii.  1 876,  pi  391  i 
Ehrlich,  No.  43,  Jahrg,  xviii.  1881,  p.  43,  and  many  others),  nftivmmm, 
typhoid,  phthisis,  carcinoma,  tabes,  pleurisy,  jynftirmmia,  eta  In  (act,  ia 
most  diseases  accompanied  by  nutlntUrition,  they  appear  to  be  preMot 
with  considerable  regularity. 

The  significance  of  tlie  nucleus,  however,  must    not    be  nuaiii 
preted.     It  cannot  be  regarded   in  the  light  of  a  step  towards 
propagation  of  new  coi-pusclcs  from  thu  old  by  division,  but  railwr 
evidence  of  incomplete  sanguification,  whereby  the  nucleus  of  tfa«  i 
(leucocytes  or   haematoblasts),  out   of  which  the   coloured  diaoa 
natiirally  evolved,  has  not    been    thoroughly  traiisfonne<l    into 
homogeneous  substance.       A  certain  number  of  cells  has  thus 
allowed  to  enter  the  blood  in  an  immature  condition. 

Arnold  (No.  13,  xctriL  IBM,  ]>.  107)  rmcU  that  thvy  are  toinetiiiiM  pol] 
Rhrlich  dUtingulihea  thrw  ditrorent  rarictieit  acconling  to  th«ir  li 
megaloblasts,  nn<\  mikroblasts  or  poikiloblasts.     Tbv  Uat  of  Umm  m 
rrivt  witli,  wliilu  tlK<  uonuobUiU  occur  iu  Kiiiiple  anmmia  Slid  In 
the  mogaloblaiitK  in  i>cmicious  MMemia. 

Qayom  (No.  i,  iii.  1873,  p.  SOS)  Iik«ns  th«w  nttc]«st«<l  «oIoar*d  btoo4 
to  the  blood-g«oerating  cells  (hirmatoMii.itfit  of  bone  marrow  JaKTibwl  hj  fit 
He  wys  that  they  arts  never  in  great  number,  and  be  beliorea  that,  wbcn  thmfl 
baeoniA  trausfonucd  into  fully  developed  blood  di»cf,  it  ia  not  by  a  mam  ' 
and  shrinking  of  tlieir  8ul>!itance,  but  by  their  giving  riae  to  hie  luraiataUarti  II 
blooil  [ilati^9  which,  in  their  turn,  develop  into  fully  formed  blood  eorpoaclML 

Indirect  Division. — In  thu  lower  rertebratea,  howarer,  division  of  tbr  i 
of  the  oolourrd  corpnaclea  by  Jbaryomiloiu  has,  of  late,  been  fr' 
BisaoBBTo  and  Torre  (No.  13,  xcv.  18S4,  p.  1)  have  stndivd  it  in  k^: 
aad  in  amphibia.     In  all  the  fully  grown  vertebrates  rjuuniund,  they  etau  that, 
osrtain  organs  at  Uiut,  thcro  is  ertdenco  of  indirect  Jiviiioii  of  the  noel««s  of  i 
colourwl  bloo<l  cx>r))UK-|e«,  while  in  the  gohl-finh  tiioy  i  vide  dinctiy.     Ia 

Dianimalji.  birds,  reptilea,  and  nnoura,  the  diriiion  take  ^  laxif  marrew 

(he  urodola,  iu  the  splevn  ;  and  in  lish  in  the  spleen  aii'  ^t 

of  Uu  kiilncy.     In  ihton,  the  division  can  I*  seen  proc-    ...„   ... .  .   lue  *y  ' 
IVom  ftfteen  to  twenty  minntM.    Aly  (Ko.  203  ;  and  Na  <0,  UH,  |w  &S)  aap 
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BixzQzero's  atatenisnts,  and  aayg  that,  in  triton  criatatusi  and  rana  esculenta  and 
toniiionu-ia,  karyomitoaU'can  be  scon  proceeding  in  the  listing  state  without  the  aid 
or  staining.  Indirect  division  has  also  been  studied  by  Eberth  (No.  U.iiL  1886, 
p.  I).  He  finds  that  there  are  large  and  small  coloured  blood  corpuscles  in  the 
blood  of  the  freahly  caught  triton.  In  the  sjileen  there  are  three  varieties  of  these 
amall  corpuscles.  The  one  is  yellow  stained  and  devoid  of  a  nucleus,  the  other 
unpigmented  and  ^vith  a  large  round  nucleus,  while  yet  others  are  Men  which  are 
somewhat  elongated,  and  which  have  yellow  protoplasm.  In  the  last  of  these,  he 
has  noticed  nuclear  plexuses,  od  the  warm  stage,  undergoing  mitotic  transformation, 
•nd  ending  in  division. 

(2)  FROM  BLOOD  LEUCOCYTES. 

404.  The  notion  that  the  coloured  corpuscles  are  developed  out  of 
the  colourless  has  long  been  entertained  by  physiologists  of  proved 
capacity. 

Wharton  Jones  (No.  65,  1846,  p.  63  «(  mi;.}  described  how,  in  the  fish  and  frog, 
the  red  blood  corjiuscles  arise  from  the  colourless  by  their  granular  contents  becoming 
homogeneous  and  their  substance  stained  ;  while  in  mammals  and  in  Man  they  were 
to  be  reganled  as  the  product  of  the  trausfonnej  nucleus. 

Rindfleiscb  (No.  201)  ailopted  vfry  much  the  same  view  regarding  their  develop- 
ment in  mammals  and  in  llan,  and  held  that  tho  nucleus  was  extruded  from  the  cell 
body. 

IQebs  (No.  13,  xxxviii.  1867,  p.  190),  although  agreeing  with  the  foregoing 
observers  so  far,  in  regarding  the  colourless  as  tho  progenitors  of  the  coloured,  yet 
differed  from  them  as  to  the  manner  in  which  it  is  accompli.shc-d.  He  thought 
that,  in  Man  at  lca.st,  he  saw  tlio  pcripliery  of  the  cell,  not  the  nucleus,  become 
pigmented.  Kblliker's  view  (No.  235,  p.  533)  of  their  devclopmout  in  the  adult, 
practically  coincides  with  this.  The  w-liolc  subject,  he  roniark.s,  is  problematical, 
but  it  ia  most  likely  that  tho  coloured  discs  arc  developed  out  of  the  chyle  cor- 
puaclex  by  losing  their  nuclei  and  becoming  flattened,  while  hrmnUne  forma  in 
their  interior' 

Erb  (No.  13,  xxxiv.  1865,  p.  138)  states  that,  iu  the  case  of  the  fowl  from  which 
blood  has  been  mthdrawn  and  in  which  regeneration  is  proceeding,  coloured 
corpuaclei  in  great  nundier  are  always  to  be  met  with,  which  contain  in  their  interior 
varioDS  small  and  large  granules  and  a  nucleus  exactly  resembling  those  of  the  lea- 
cocyte*.  He  thinks  that  these  must  K*  regarded  aa  the  immediatv  transitional  fonos 
between  tho  colourless  and  the  coloured  elements.  Ho  also  saw  these  transitionBl  forms 
in  the  rnt,  calf,  and  cat,  but  in  tho  full-grown  ox,  horse,  sheep,  and  [lig,  they  were 
abaent  When  however,  animals,  in  whose  blood  during  health  they  were  not  to 
be  discovered,  are  starved,  transitional  forms  begin  to  develop  in  Abundance. 

T.  Reckling^hausen  (No.  14,  ii.  1866,  p.  137)  describes  coloured  corpuscles  as 
developing  in  the  blood  of  the  frog  from  leucocytes,  when  the  blood  was  withdran-n 
from  the  body  and  kept  iu  a  moist  chamber.  The  leucocytes  throw  out  processes 
which  become  disunited  from  tho  parent  cell  and  transformed  into  coloured 
corpu.'M^les. 

Feuerstack  (No.  112,  iv.  1883,  p.  345)  found  forma  transitional  between  the 
colourless  and  coloured  in  the  fish,  after  several  blood  lettings.     They  are  spherical, 


'  Gibson'*  views  (op.  ciL)  are  quite  in  harmony  with  Kblliker's  description, 
are  more  folly  detailed  in  Section  416. 
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colonntd  oella,  with  annsii*U]r  Uri^e  nuclens  (Ncoidmu'*  ItMifHMMMtaX 
flimply  the  colourleas  coqiuaclet  whose  cell  body  haa  beoonM  liyaUa*  sad 
The  cell  body  gradnnlly  increaMs  in  circumferenca  and 
\rhile  the  nncleus  ia  reduced  in  size. 

Loewit  (No.  12,  seii.  Ab.  iii.  1886  ;  and  T/fo.  32,  x.  18SS.  |x  IM)  1 
distinct  varietitvi  of  coloarins  corpuacle,  rpganled  in  the  light  of 
life  histoT}-.  The  one  «et  he  naraea  leucoblltsts  (Xcaaif,  white Jl,  at 
erythroblasts  (i/n/Opis,  red).  The  Icticoblasts  poaaaw  amcrboid 
abwrb  cinnabar,  are  often  mors  graonlar  than  the  erythroblaala,  Mtd« 
to  become  destroyed,  show  eridenca  of  cloavage.  The  erythroblaate  art  I 
frf>e,  show  uo  amoeboid  raoreinenta,  and  do  not  absorb  cinnabar  partick*.  Hm 
nuclei  contain  a  cbroniatophylous  threadwork,  and  they  prolirentt*  l>y  katjraaitaaa 
The  chief  Ji«tinctiTe  point  between  the  two  is,  that  whereas  the  Iwucobtaita  I 
such  in  tlie  blood,  the  crythroblasts  are  transformml  into  colo(t)«d  blood  < 
'Ilie  erythroblosts  take  their  origin  in  the  lymph  glanili,  and  art  ponrad  ta  1 
quantity,  along  with  the  l}inph  streAia,  into  the  cimilating  blood. 
transformation  into  ordinary  coloured   blood  corpuscles  takta  jilaco   ia  db* 
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Specious  as  these  numerous  obeerrations  may  appenr  to  bci,  &  ii 
only  j<ist  to  add  that  many  recent  workers  of  Uie  highest  authority 
have  asserted  that  the  colourless  and  coloured  coqiuscles  haw  so 
genetic  relatioitship.  Virchow  (No.  13,  v.  1853,  p.  43)  long  aga 
upheld  the  doctrine  that  the  colourless  and  coloured  cor{iu>clw  are 
entirely  separate  entities,  and  that  they  are  not  devolopmentally^  ooo- 
noctod. 

In  later  times,  Neumann,  Hayem,  Bizzozero,  and  Oslor,  hare  n- 
asserted  the.4e  views,  hulding  that  a  triUisformation  of  the  one  into  Urn 
other  can  no  longer  be  eulurtaiucd. 

Haycm,  Bizzoiero,  and  Osier,  all  worn  to  liaro  arriTod  at  wry  mvA  tkt  aat 
conclusion,  namely,  that  the  colourlevs  cor^micles  constitute  a  diatiaet  tJiaai  «f 
Ihn  blood,  and  that  they  are  iitnlated  in  their  origin,  lifii  history,  and  ftuietiaaa  tan 
tliu  coloured.  As  Osier  remarks  (No.  199,  xxix.  1880,  p.  377  *t  mq.},  tksir  tawtis^ 
«ncm  to  be  multifarious.  "They  are  ntilised  in  the  repair  of  wooads  sad  ia  lit* 
reproduction  of  tissues ;  they  act  as  scavrugers  or  phai^>cyti!a  ia  Ruoirtaf  dMi 
iwrta,  in  inclosing  injurious  particles  in  thvir  interior  and  rendering  thaoi  iat  a 
standing  army  ready  to  reaist  the  inraaion  of  |iarmsitlca]  roicro.orgaaiana'' 

(3)  FROM  UJEMATOBLASTS  OR  BLOOD  PLATES. 

405.  Hayom  (No.  4,  v.  and  vL  1878.  p.  692)  dotcribed  tin 
tobliista  or  blood  platas  as  subserving  a  twofold  purpow,  nanuly, 
of  rrn(rv<itintf  thr.  l4ood  hy  becoming  convertf<i  into  e<ihmr«d  btoni 
awl  of  jilayituj  an  iietire  part  in  eoayulaiion.     With  the  latter  of 
{\tnctton8  we  are  not  immfdiatcly  concerned  (see  SecL  140). 

When  he  made  this  atmouDcomcnt,  the  matter  of  coium 
carefully  gone  into  by  numerous  collatoral  workers,  more  eapedaflj  ly 
Binozero  and  his  followers.     As  a  result  of  their  rcsearcba^  tliey 
unable  to  confirm  what  Hayem  had  stated  a*  to  thfir  httB^  a 


OBAP.  XXXI 


SOUBOES  OF  BLOOD  CORPUSCLES 


483 


of  coloured  blood-corpuscle  genesis,  and,  of  late  years,  discredit  has 
rather  fallen  upon  Haycm's  view. 

Hayom  traced  their  connection  with  coloured  blood  corpuscles  iii 
the  following  manner  : — Within  the  blood,  there  are  always  to  be  aeon 
a  certain  number  of  abortive  coloured  corpuscles  or  microcytea. 
These,  ho  holds,  are  hiTmatoblasts  (blood  plates)  in  process  of  Iiecom- 
ing  transformed  into  hieraocytes. 

That  these  microcytes  are  derived  from  blood  plates  has  been 
strenuously  opposed  by  the  most  recent  workers  on  the  subject. 

It  is  only  fair  to  add,  however,  that  there  are  other  circumstances 
•which  favour  Hayem's  view  of  the  evolution  of  coloured  blood  cor- 
puscles out  of  his  hrematoblusts,  niimcly,  that,  after  ha'niorrha^'c,  thoy 
appear  in  great  nimibei's  before  the  reparation  of  the  coloured  cor- 
puscles has  commenced;  and  Jis  the  number  of  the  latter  increases,  that 
of  the  hsematoblasts  decreases. 

Affanassiew  (No.  91,  xxxv.  1884,  \).  21.1 ;  No.  208,  xxxv.  1884,  p.  217  ;  No.  50. 
11.  1884)  endorses  almost  nil  th.it  Hayciii  lins  wiittvu  ou  this  subject,  ijut  furthor 
■dda  thst  tlivy  unJer^^o  traMsfuriitatiun  into  colotirod  blood  cnrpuscl&s  within  the 
marrow  of  bones.  His  venesection  ex{iorinieiit3  on  dogs  also  show  thnt  tlio  blood 
plates  iocrcaso  va^ttly  in  number  when  the  animal  becomes  anieniie,  and  wlien  the 
rejiair  of  the  blooil  is  jiroceeding.  Under  .such  circumstances,  numbers  of  deformed, 
or  bisaiTf,  colonro<l  eorpuscles  (poikilocyteji)  show  themselves  in  the  blood.  He 
grants,  however,  that  there  may  be  other  meaus  by  which  the  coloured  corpuscles 
are  regenerated. 

Crise  h^matique. — H;iyeni  finds  that  in  critical  diseases  there  is  a 
profound  alierutiun  in  the  blood  just  at  the  time  when  the  crisis  is 
approaching.  It  consists  in  a  sudden  rise  in  fh^  number  of  hUml  plalet, 
which  he  designates  by  the  above  name.  It  begins  when  the  tem- 
perature commences  to  .sink,  and  reaches  its  height  usually  on  the 
day  when  the  temperature  becomes  normal.  The  ordinary  proportion 
of  blood  plates  to  red  corpuscles  is  as  1  :  20.  In  acute  fevers  the  pro- 
portion sinks  as  low  as  1 :  18  or  1:12,  but,  at  the  time  of  the  crisis,  it 
agiun  rises  as  high  as  1  : 7,  and  he  asserts  that,  during  convalescence, 
they  become  converted  into  blood  discs. 


(4)  FROM  THE  ENDUTHELIVM  LINING  THE  IV ALLS 

OF  THE  BLOOD-VESSELS. 

406.  Although  there  is  little  doubt  that  in  the  embryo  the  cor- 
puscles are  actually  Ibmied  out  of  the  walls  of  the  minute  rudimentary 
blood-vessels,  yet  such  a  mode  of  origin  in  the  adult  has  never  been 
conclusively  proved.  Division  of  the  endothelium  in  the  wall  of 
the  minute  capilhiries  has  already  Ijoen  refcrreil  to  {Sect.  107)  as 
Irtsing  suppo.sed  by  Whart'Oii  Jones  to  account  for  miiny  of  the 
colourless  cells  which  api)ear  in  and  around  the  small  vessoU  in  in- 
dammation. 


(c) — Sources  of  the  H.tMATOBLAsra 

407.  What  little  ia  known  on  this  subject  is  referred  to  in  SeettM 
418. 

Literature  on  Formation  qf  Blood  Corjmtda. — Amdt:  Arch.  f.  {lUh.  Aliat,  ItnS. 

1881.   i>.    15.      Arnold   (Bono  Morrow):    Ar<:h.  f.  (uith.  AnnU,   xrvii     1884,  fk.  W. 

Bakewell :  Observations  oa  the  Urowth  nnrl  R«i>roJuctioD  of  tho  It«<l  OoriMMcWs  1l7i 

Biszozero  (Bone  Marrow)  :  V.taz.  tned.  iul.  loinl...  i.  ISeg.  p.  Stil ;  mim,  OlrtllW  t 

d.  meil.  Wianenich.,  18C9.       Bizzozcro  and  Salvioli  :  OntralbL  C.  d.  mad.  WIm^m^ 

zrii.  1879,  p.  273.     Boettcher:  An^li.  f.  path.  Aunt.,  hit.  1842,  {i.  «M:  /MA.  smi 

1886.  p.  342.    Cohnheim  :  Arch.  f.  patti.  Anat.,  Irriii.  1876,  p.  291.     Cxed^  lltfuii 

of  DunuiD  Spleeu):  An-h.  f.  klin.  Chir.,  xxviiL  1882,  pp.  401-410.     EaIcs:  Vttmm^ 

Uiggii  ttb.  A.  venchied.  Tlieoricn  d.  Entwick.  A.  Blutkurpcrchen,  1870.      Ebsftb  (■m' 

PUtM):  Fomchr.  d.  Me<L.  v.   1887.  p.  225.     Ecker  (ChangM  in  Splrro) :  ZtHtMiM.  I 
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TH«  OBOANS  which  TR.VNgPORM  THK  CoLOtTHJBSS  CO] 
INTO  THK  COLOl'RKD. 

406.  Wo  have  now  seen  that  tho  colonrlen  ooTpawIw,  in  all  BkaB* 
hood,  become  transformod  into  tho  coloured,  but  wo  hare  not 
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how  this  is  accomplished.  The  two  organs,  if  we  may  designate  the 
latter  as  such,  in  which  the  conversion  of  the  one  into  the  other  chiefly 
occurs,  are  genendly  held  to  he  the  spleen  and  the  red  marrow  of 
bones.  The  lymph  glands  and  thu  thyroid  have  also  been  con- 
sidered to  possess  such  properties,  and  it  now  remains  to  examine  in 
how  far  such  assumptions  are  justifiable. 

(1)  THE  SPLEEN. 

409.  The  spleen  has  always  been  regarded,  more  or  less,  as  an  organ 
concerned  in  the  faliricution  of  the  coloured  blood  corpuscles  as  well 
as  of  the  leucocytes,  the  usual  theory  being  that  coloured  blood  cor- 
puscles are  both  destroyed  and  regenerated  within  it.  Tliese  ideas 
first  gained  a  footing  chiefiy  from  the  following  facts:  (1)  Cells  con- 
taining coloured  bloo<!  corpuscles  in  their  interior  are  occasionally 
met  with  in  its  substance.  The  corpuscles  arc  supposed  to  have 
been  intussuscepted,  and  to  be  in  process  of  liecoming  dissolved  by  the 
enveloping  cell  protoplasm ;  (2)  cells  which  are  evidently  rudiment- 
ary coloured  blood  corpuscles  arc  found  within  it,  es[>ecially  in  cases 
where  the  repair  of  the  blood  from  loss  ia  actively  proceeding. 

410.  Method  of  Investigating  the  Blood-forming  Functions 
of  the  Organ. — The  more  histological  examination  of  tho  healthy 
spleen  affords  very  little  conclusive  information  of  its  blood  corpuscle 
forming  powers.  The  facts  to  l>o  derived  from  it  constitute  only  one 
link  in  the  chain  of  evidence.  The  further  methods  that  have  been 
employed  of  late  consist  («)  in  the  accui-ate  numeration  of  the  coloured 
corpuscles  and  of  the  quantity  of  hiemoglobin  contained  in  the  splenic 
artery  and  vein  ;  (l>)  in  the  study  of  the  organ  after  venesection  ;  and 
(c)  in  the  study  of  the  blood  after  splenotomy.  It  will  be  well  to 
follow  these  three  methods  in  tracing  the  evidence  of  the  blood 
corpuscle  transforming  jwwers  of  the  organ. 

(a)  By  Enumeration  of  Corpuscles  and  Estimation  of 
Hzmoglobin. — MaJassez  along  with  Picard  (No.  40,  Ixxxii.  1876, 
p.  855)  established,  by  actually  counting  the  blood  corpuscles  per 
cubic  millimetre,  that  tht-  bloud  of  tho  splenic  vein  cont^iined  more 
coloured  corpuscles  than  that  of  the  splenic  artery.  Many  of  the 
hamocytes  coming  from  the  spleen  by  the  vein  also  correspond  to 
what  are  generally  recognised  as  "  immature  forms." 

On  carefully  enumerating  the  corpuscles  in  the  splenic  vein  and 
artery,  Gibson  {loc.  cif.,  p.  353)  foiuid,  three  days  after  a  dog  had  been 
rendered  lutificiall)'  an.i;mic  by  a  single  abstraction  of  26  per  cent 
of  the  body  weight  of  blood,  that  the  proportion  waa  as  follows  : — 


Sjdenie  Fein. 

Haemocytes  fi,31 0,000  ;  leucocjrtea  9000  per  cubic  mm.     Eelative 
number  of  leucocytes  to  hu^mocytos  1  :  701*1. 
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Hsemoeytes    6,250,000;   leucocytes   SOOO.     Bel 
leucocytes  to  hasmocytes,  1  :  781*2.      This  «-ould  therefore 
his  o^er  experiments  bear  out,  that  the  splenic  %'da 
more  coloured  and  more  colourless  corpuscles  than  the 

Tarcbanoff  and  Swaen  (see  Sect.  400)  atltnit  that  the  calonnd  ar« 
in  the  rein,  but  that  the  colcorlea  are  relatiTcIy  /ewer  than  in  tk«  •rtetjr. 

Of  course,  it  roust  always  be  borne  in  mind,  that  in  order  to  prooiK* 
a  recognisable  increase  in  the  number  of  either  oorpoade  in  emy  oBaB 
portion  oF  blood  leaving  the  spleen,  the  .%ddition  must  hare  been  Ttrj 
considerable,  and  hence  fallacious  results  might  easily  be  nhf  iwnl 
The  whole  subject  of  the  enumeration  of  blood  corpuscles  is  ao  liaUc 
to  lead  into  error,  that  too  much  care  cannot  be  taken  in  dnwiag 
conclusions  from  it. 

Bixanero  fnrtlier  mpporta  tlie  uaunicd  blood  corpuscle  fonniiig  }Muytj  of  At 
organ,  bjr  the  (act  that  in  many  animals  the  quantity  of  hmwa^Uhia  temad  ia  tW 
blood  of  tb*  sploiic  rein  in  health  ii  greatT  than  that  in  tbe  splMk  srlary.  AAm 
veUrpaHim  af  Ikt  trr^n  it  diminiabea  throughout  the  ganoral  diatlaUoa,  kait  mm 
Sgain,  aometiniea  rapidly,  at  other  time*  man  alowlj,  probably  treu  Iks  Ijmfk 
^ands  uwnming  g|i!cnic  funcUona. 


(6)  By  Venesection. — The  effect  of  venesection  upon  Um 
corpuscle  transforming  pro{iertie8  of  the  spleen  seems  to  wy  a  good 
deal  according  to  the  animal  employed,  :ind  hence  such  a  nKthw!  U 
experiment  may  lead  to  miscalculation  of  ita  powers  in  this  reqten. 


Keoniann  appears  to  hare  inft-rred,  from  experimeota  perfomal  spaa  tke  i 
•B  aaimal  in  which  it  ia  comiaratively  inert,  that  the  tpleen  was  not  a  Msad  Mi* 
poaelo  trauaforming  organ.     In  dogi  it  appears  to  be  mach  mari  acttrcL 

HsMzoro  and  Torre  (No.  133,  vol.  ir.  1.180,  p.  388  ;  No.  40.  1880,  L  |l  M)  ■* 
nothing  in  thvir  invntUgationa  to  conrinoe  tkeiii  thut  it  haii  a  Mood  corpvcls  tna»- 
formiag  function  iu  btrdt,  but  rather  concluded  that  the  bone  marrow  is  ths  wpi 
ooBesnied. 

Aly  (No.  203)  and  Ebvrth  (Xo.  II,  iii.  1885.  p.  I)  both  agree  that  ia  tk«  m^m^ 
nmtt  the  ipleen  i*  the  artire  coloured  blood  corimacle  trannformisig  ofgHR,  wUia  ia 
the/rty  the  bone  maiTOw  appear*  to  take  ita  place. 

Koto's  eijierlment)  {Ko.  60,  slL  1S80)  on  birds,  aa  the  other  hand,  taad  to  | 
that  mch  a  property  dooe  reaide  within  the  »ptc«n  i<vtu  iu  liiidi,  althooglh 
in  a  minor  degn<«,  and  point  to  the  rvoiprocal  mlatioiuliip  tiiat  ap]>«an  Co  ( 
tWMB  the  spleen  and  bone  marmw  a*  hMuopoictic  riaceia.  WhM  tlM  *{4«a  is 
waaprsd  in  birds,  the  bone  marrow  oi  the  hollow  bones  beeuiuaa  Infinwlj  mI 
frea  ths  riehaeai  of  Ha  blood  in  ka-uiKglotin  and  fn'in  the  ajipecrsnes  of  Mwanaa 
imbcyoaic  blood  oorpoaelss  within  iu  Th^tc  alterations  arv  not  wwitias4  axdilwly 
Ui  bones  oontainiug  marrow.  Tbn  hoUow  air-containing  boaaa,  ia  ttma,  also  bsHMS 
AUsd  with  red  marrow  and  new  blood-re— li. 

Neumann'  i»  otated  to  harn  fuiind  a  eimikr  reciprocal  action  of  the  I 
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in  ■  dog  iyom  which  tlie  Hploen  had  \>een  removed  ten  tnonthsi  previously.  There  was 
gnat  inoreaa?  of  the  lymphoid  cells  and  interniwlinte  fomiH  within  it,  as  coinpurod 
with  the  normal  tnpitulla  or  daga,  or  with  that  a  Tow  dnyti  or  weeks  after  removal  of 
the  splecD.  Such,  however,  liaa  not  been  the  invariakblu  i:.\]iuriencti  of  thoM  who 
liavo  performed  this  fxpiTiniciit.     Moalcr  failed  to  digcowr  anything  of  the  kind. 

Bizzozeroand  Sahnoli  (No.  133,  iv.  2,  1880,  p.  49  ;  No.  60,  xvii.  1879,  p.  273  ;  No. 
49,  1880,  i.  p.  33)  state  that,  in  dogn  and  guinca-pign,  the  niimhcr  of  nucleated,  that  is 
to  my,  of  transitional  coloured  corpuoclos  to  be  found  in  the  8]>laen,  corresponds  with 
the  amount  of  blood  withdrawn  from  the  general  tircul.itiou.  When  the  ei^ierinient 
■acoeoded  in  calling  forth  its  blood  forniing  propcrtieH,  they  found  it  to  be  swollen, 
like  bone  marrow,  of  a  characteristic  rose  red  uolonr,  and  rich  in  nucleated  blood 
corpuscles.  Tho  blooil  of  the  splenic  vein  contained  very  large,  pale  red,  blood 
corpttsclcA,  and  in  tho  lyateinio  circulation  nucleated  foniis  were  twice  observed. 
lltore  was  also  n  largo  excess  of  colourlesa  coriiusclcB.  Thoy  therefore  hold  that  the 
spleen  must  lie  intimately  connected  with  the  reparation  of  the  coloured  c-lcnientH. 
Gibson  {loe.  cit.,  p.  350)  showed  that,  tiirio  days  after  withdrawing  2  '8  per  cent  of 
I  body  weight  of  blnod  from  a  dog,  the  spleen  was  unusually  large,  Boft,  succulent, 
\  of  a  rose  red  coloar.  On  examining  it  microscopically,  there  wait  found  to  be  an 
increased  nnmbcr  of  transitional  nucleated  red  corpuscles.  Enormous  numbers  of  such 
transitional  blood  coi'pnsclcs  were  also  met  with  in  the  bone  marrow,  and  a  few  in 
the  lymph  glands. 

Feuonitack's  experiraents  (No.  100,  xxxviiL  1883,  p,  136)  seem  to  corroborato 
those  of  many  other  obacrt-cra  in  tho  same  line  of  research.  After  repeated  vene- 
sections in  animals,  the  number  of  colourless  corpuscles  in  the  spleen,  or,  at  any  rate, 
cells  that  he  took  for  such,  increases.  Forms  which  are  transitional  between  these 
and  a  coloiuod  disc,  next  make  their  appcaranco  by  the  pigmentation  of  the  foregoing. 
These  pigmented  transitional  cells  gradually  expand  and  become  flattened,  while 
the  nucleus  shrinks.  From  the  fact  that  it  thus  becomes  altered  after  venesection, 
and  also  seeing  that  it  is  niproduccd  when  excised  in  the  ed,  he  concludes  that 
the  spleen  must  subserve  a  very  importAtit  piiritoBc  as  a  blood  forming  mcclmniHin. 

(c)  By  Splenotomy. — The  experiments  have  either  been  of  the 
nature  of  simple  excisions,  or  have  been  combined  with  removal  of 
tht  thyroid  or  with  venesection. 

MaUssez  (No.  204,  xxri  1878  ;  Ko.  49,  1878,  i.  {>.  140)  employed  dogs  as  the 
subject  of  experiment,  and  found  on  accurately  counting  the  coloured  blood  corpuscles 
before  and  after  the  operation  of  excision  of  the  spleen  that  their  number  diminishes 
in  the  first  few  days  from  its  removal.  After  one  month,  it  becomes  higher  than 
normally.  On  larefully  estimating  the  amount  of  hiemoglobin,  he  diaoovercd  that 
it  falls  at  first,  and  again,  in  counia  of  time,  reaches  the  normal  standard. 

WinogradofT  (No.  40,  18S3,  i.  p.  250)  has  studied  the  effects  of  excision  of  the 
spleen  in  three  dogs  with  the  following  results :  The  number  of  coloured  corpuscles 
fell  suddenly  at  first,  and  continued  to  do  so  gradoally  on  to  the  150th  or  200th  day, 
but  subsequently  rose.  During  the  first  year,  the  dimensions  and  form  of  the  cor- 
puscles were  not  much  oltertid.  Numliers  of  small  corpuades  or  mieroeytet  showed 
themselres  after  this.  The  hecmoglMn  deoraued,  and  tho  iptdfie  gravUy  of  the 
arterial  blood  was  in  Mn  less,  but  the  serum  alone  showed  little  alteration.  The 
dry  rttidue  diil  not  differ  from  that  of  normal  blood  Tlie  lyinjik  ylniub  had  increased 
in  size  and  weight.  They  were  soft,  sticculent,  and  dark  or  light  red  in  colour  from 
an  accutuulation  of  coloured  corpuscles  in  the  meshes  of  the  gland  tissue.  The 
aune  congested  appearance  was  found  in  the  marrow  of  bones,  nnlesa  in  those  of 
thepawa. 
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Ttaber  (So.  49,  1688,  i.p.  260)  excined  the  apleen  and  thyroid  in  AfteMi 
aninuli,  sometimes  Bimultaneously,  at  other  times  lucceMiviIy.     B«t««^  tka  t«« 
organs,  he  iinda,  there  is  uo  reciprocal  coiin<M-tioD.     Th«  anilBab  beooa* 
and  the  relative  and  ab>iohite  number  of  colourleaa  blood  corpoaelM  ia 
while  the  size  itud  number  of  the  coloured  decreases. 

In  all  experiments  where  the  spleen  is  excised,  the  noinbM'  of 
corpuscles  seetns  to  sink  at  first,  but  in  course  of  time  the  blood  erkUatlj  ^V** 
to  reai]<erate  itself,  and  tlie  numlier  rises.  Tnuber  supposes  thst  the  nnnvry  is  Am 
to  on  enlargement  of  the  l3-niphatiL'  glands,  and  Zesss  (No.  9'i,  xxviii.  JBSS,  |l  BIQ 
not  only  coutiruid,  in  rabbits,  what  Tanbcr  stAtes  as  to  the  condition  of  tit*  glcaibB 
don^  but  socms  to  think  that  the  thjToid  also  participates  in  Ihia  coai 
action.  Gibson  (So.  S,  xx.  1886,  p.  340),  also  using  inixlnm  ni<>thoda  of  aa 
fonud  that  in  «  rfoj/  in  which  he  excised  tlic  splocn,  the  nnmbcr  of  tolomnd  ( 
aank  considerably  during  the  first  two  ttiouths,  and  there  wits  a  relslitre  and  i 
increase  in  the  nnailier  nf  cihiurleM,  The  greatest  decn^ase  oorurml  ti»o 
sfler  the  opuratiuu.  After  reselling  a  miniuinm,  the  red  corpnacloa  {> 
in  number,  though  not  very  regularly  ;  and  the  relation  of  the  whita 
the  rod,  gradually  approached  that  which  hod  exi«te>l  prcvinuH  to  the  rworml  of  Iks 
organ.     His  other  experiments  on  the  dog  supjiort  these  results. 

The  gplutMi  Ims  ako  b«en  successfully  removod  in  Man,  when  ai>- 
eawd,  but  unfortunately,  the  reconls  of  the  coiulition  of  tiio  blood  aad 
othor  nuittera  of  interest  have  not  always  bc«D  kept  nnth  that  accitnej 
which  might  be  desired. 

One  of  the  cmm  of  greatest  valne,  &<om  tho  can  takan  to  iveofd  tlH  ftcl%  !■  tkat 
reported  by  Crude  (No.  62,  xxviii.  1882,  p.  101),  in  whicli  iJm  ^eea  ynm  tnkmi  Ib 
a  man  44  years  old  for  a  cyst  contained  in  it.  As  is  the  oaaa  aftar  •uaaioa  wt  tk* 
orfpiO  in  the  lower  animals,  the  leucoeytcn  underwent  great  inrreaae,  tb«  diSBl 
being  reacheil  in  aliout  two  months,  when  their  number,  as  oomf«red  with  th«  nd, 
was  found  to  be  1  to  S  or  4.  There  wis  also  a  large  priijiortion  of  small  blood  < 
or  microcytos,  some  of  them  nucleated.  Curiously,  as  if  xu[i]K>rtiiiK  %r«as'  njo 
the  thyroid  showed  a  painful  swelling,  whii'h,  however,  suicided  as  tli*  blood  I 
its  iionriol  condition.  lu  course  of  time,  the  Mob  completely  mcovored,  aad  tha 
assumed  its  natural  appeaianoa.    Crsdi  oonoluded : 

(1)  That  the  spleen  can  Im  successfnllj  removed  fh>m  Man  in  adnlt  Mtk. 

(2)  Its  rtmoval  calls  forth  a  profound  disturbance  in  the  fkbriratinii  of  the 

(3)  This  derangement  is  compensated  for  by  the  viaarioua  aetioii  of  ths  IhjidH 
gland  and  bone  marrow. 

(4)  The  spleen  sufaaenrea  tiio  purpoM  in  hoalth  of  tniwfarmiBK  Un 
«orpuaeIea  into  coloured. 

411.  Summary. — The   presumptive    evidence   in   favour  of 
•pleen  being  a  blood  corpuscle  tranHfonning  organ,  ao  far  aa  oaa 
judge  from  ex{)eriments  upon  the  lower  animala  and  from,  the 
of  s]ilonotoray  upon  the  blood  in  Man,  is  therefore  undaniahia,     li 
evidently  mb«erve«  a  most  importiint  function  as  a  kamapoitHe 
in  Man  and  in  certain  mammnU.     \Vban  it  is  renoTod,  a  pMen  km  i 
the  number  of  toloured  blood  rxtrpufcUs,  followed  by  <tn  innvoar  of  ike  eolmr' 
lets,  eniua.     This  condition  of  the  blood  continues  for  aevdni 
but  is  recovered  from  in  course  of  time. 
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(2)  THE  BONE  MARROW. 

412.  Its  Structure. — Bone  marrow  is  of  three  varieties — the 
ydUnv,  the  rtd,  and  the  gdaliiuins.  The  first  is  thut  which  is  found  in 
hollow  Iwnes,  the  second  occurs  in  short  Hat  bones,  while  the  tliird  is 
found  horp  and  there  in  hollow  bones. 

The  yellow  marrow  is  made  up  in  great  part  of  fat  colla,  be- 
tween which  runs,  as  iu  ordinary  fat  tissue,  a  quantity  of  nucleated 
fibrous  stroma. 

The  red  marrow  is  much  more  vascular,  and  does  not  contain  so 
much  fat  as  the  yellow.  It  occupies  all  the  cavities  of  the  bones  in 
the  foetus,  but,  in  the  adult,  is  confined  to  the  cancellaa  of  short  flat 
bones,  such  as  the  botlies  of  ttie  vertebnc,  those  of  the  tarsus  and 
carjius,  and  the  ribs.  It  may  thus  seem  to  be  widely  distributed,  and 
to  be  of  comparatively  small  bulk.  If,  however,  the  whole  of  it  were 
reckoned  as  a  single  mass,  it  would  considerably  exceed  the  volume 
of  the  spleen. 

Within  its  substance  are  contained  cells  of  different  kinds.  In  t^e 
first  place,  there  are  numerous  nucleated  and  coloured  cells 
known  as  Neumann's  hxmatoblasts.  As  a  rule,  they  are  a)>out 
the  suse  of  a  leucocyte,  and  the  colour  they  possess  is  due  to  their 
containing  hsemoglobin.  There  is  good  reason  to  believe  that  they 
are  of  the  same  nature  as  the  young  nucleated  and  coloured  cells  found 
in  the  spleen  after  hemorrhage — that  they  represent,  in  fact,  the  irans- 
ilimal  stiige  between  the  leucocytes  and  the  coloured  blood  discs. 

These  immature  blood  corpuscles  are  found  scattered  throughout 
the  gubsUtnce.  of  tJie  bone  iiumow^  but  ihcy  are  also  said  to  have  been 
seen  within  the  h/niph  vesseie  and  veins,  evidently  on  their  way  to  join 
the  blood  current. 

The  circulation  within  the  marrow  is  peculiar.  It  has  been 
asserted  by  Hoyer  (No.  50,  xvi.  and  xvii.  1869)  that  the  arteries  open 
into  cavtnious  spaces  without  distinct  walls,  from  Avliich,  again,  capillaries 
spring  to  join  the  veins.  There  is  some  doubt  as  to  whether  this  has 
Men  actually  established,  but  if  it  wore  true,  the  resemblance  to  the 
cavernous  structure  of  the  spleen  would  point  to  an  existing  homology 
between  bone  marrow  and  that  organ.  It  might  also  account  for  the 
ready  absorption  of  newl}'  developed  blood  corpuscles  from  the  sub- 
stance of  bone  marrow. 

Besides  the  hiematoblasts,  numbers  of  uncoloured  marrow  cells, 
almost  the  size  of  a  colourless  coipuscle  or  smaller,  are  to  be  seen  in 
fresh  red  marrow,  along  with  numerous  ordinary  coloured  cor- 
puscles. The  latter  are  the  main  cause  of  the  red  coloiu-  of  the 
marrow.  Large  cells  containing;  coloured  blood  corpuscles  are 
also  occasionally  met  with.  Colourless  marrow  cells  with  pecu- 
liarly homogeneous  protoplasm,  distinct  border,  and  ill- 
defined  nucleus,  are  also  referred  to  by  Obrastzow  (No,  50,  xviii. 
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1880,  p.  453);  Malassez  (No.  204,  xlix.   1881,  p.  689);  and  Oder 
(No.  6,  i.  1886). 

Giant  cells  or  myelo-plaques,  large  and  small,  are  miso  fond 
within  the  advcntitia  uf  tlio  vesads,  and  elsewhere,  in  red  auTMr. 
With  these  we  are  not  much  concerned  at  present,  seeing  daft  thiir 
function  ia  chiedy  that  of  bringing  about  ossification. 

Side  by  side  with  nucleat«d  cella  posaeuing  no  intrsnacIoAr  nrtirovk.  AimM 
(No.  13,  xcrii.  1S84,  p.  107)  finds  f^iuit  cells  in  which  the  u«twork  iaibOBtlHit,  wd 
in  many  instances  the  chruinatic  sulistAnce  is  spread  cut,  not  in  tha  ten  of  tfcnaiik 
hot  somewhat  dilTusely.  Ho  doscribos  indirect  division  both  in  th«  Utgt  tuA  mtM 
marrow  cells. 

The  gelatinous  marrow  is  evidently  more  0Bdeni*to«u  Una  t^ 
other  two  varieties,  and  contains  a  nntdn-liiie  sulistance  diasolvcd  m  iu 
liquid  (Krause,  Na  207,  p.  70).  The  fat  cells  of  the  yellow  mwnnr, 
and  the  hosmoglobin-stained  cells  of  the  red  are  both  abeeot  frnm  tL 

413.  Methods  of  Examining  Marrow  in  Health  asd 
Disease. — The  marrow  should  l>e  examined  microscopically,  both  in  the 
fresh  state  and  after  having  been  subjected  to  reagents.  Neumann  par- 
ticularly dwells  upon  the  importance  of  examining  it  when  qait«  ftmk 
luid  unaltered  by  hardening  or  staining  solutions.  A  piece  of  it  is  SUBpljr 
withdrawn  with  aa  little  injury  as  possible,  and  pressed  out  under  a 
cover-slip.  If  it  be  desired  to  fix  the  elements,  a  piece  of  marrov 
may  be  pressed  on  a  slide  and  be  subsecjuently  subjected  to  tike  sotMn 
of  perosmic  acid  vaiwnr  (Malassez).  If  it  is  intended  to  examine  iks 
mUoma  of  the  nuclei,  Arnold  (So.  13,  xcvii.  1884,  p.  107)  reaoas- 
mends  methyl-green  iu  0'6  yteT  cent  solution  of  common  salL  Tk» 
solution  is  much  improved  by  the  addition  of  0  25  per  c«nt  gold  tUat- 
ide.  He  shakes  pieces  of  bono  marrow  with  this  until  tlie  olenenli 
of  the  marrow  become  dissociated. 

Gibson  {hc.cU.,  p.  344)  coincides  with  Noumann  in  the  impoitaaetoC 
examining  it  when  fresh.  He  recommends  teasing  it  out,  and  gn^f 
pressing  down  with  the  cover-glasa.  He  usee  an  artificial  semm  as  a 
suspending  medium,  composed  of  sodic  sulphate  of  1023  sp.  gr.  and  a 
very  small  proportion  of  methyl-violet,  llie  latter,  he  saja,  ia  adfr 
tion  to  colouring,  appears  to  have  the  most  useful  propoity  d 
the  protoplasm  of  the  cells. 

414.  Neumann's  Discoveries. — The  recognition  of  the 
marrow  as  a  probable  birthplace  of  the  coloured  blood  corpnaeIe% 
back  to  the  time  when  Neumann  (No.  50,  vi  1868,  p.  68'.*  ;  No.  !  • 
X,  1869,  pp.  68  and  220;  lUd.,  xii.  1871,  p.  187  ;  /W.,  xv.  IM  ..  ; 
441  ;  No.  169,  ix.  1874,  p.  110  ;  No.  14,  xi.  lH74,  p.  169  ;  limL,  jol 
1876,  p.  793),  in  his  various  publications  made  the  very  importnl 
discovery  that  the  re<l  bone  marrow  in  health,  and  especially  in  diseass. 
flontaias  within  its  substance  a  large  number  of  the  nucleated  eolaand 
eocpoMles  or  hmnatoblasts  jtist  referred  to.  He  stated,  ae  tba 
of  his  inquiries,  that  he  believed  the  coloured  oorpuadM  of 
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were  nucleated  when  young,  and  that  their  chief  source  was  the  bone 
manow. 

He  found  that  these  nucleated  blood  corpuscles  were  present  in 
all  red  marrow,  tho  more  abundatitlj'  tho  youngur  the  individual. 
He  saw  them  also  in  the  yellow  marrow,  but  much  more  scantily 
than  in  the  red.  So  long  as  the  nucleus  remains,  tlicy  are  considerably 
larger  than  an  average  coloured  blood  corpuscle,  but,  with  the  dis- 
appearance  of  the  nucleus,  the  whole  cell  slirinka. 

Similar  cells  are  found  in  the  spleeu,  and  a  few  may  be  seen  in 
lymph  glands  (Liiwit).  Neumann,  however,  believed  that  the  spleen, 
if  concerned  at  all  in  blood  coqntscle  formation,  was  only  of  secondary 
importance,  and  that  their  chief  source  was  in  reality  the  bone  marrow 
(No.  91,  iii.  1881,  p.  411). 

415.  Origin  of  the  Neumann's  Hzmatoblasts. — There  may 
be  said  to  be  two  views  on  this  subject,  the  one,  that  they  are  simply 
blood  leucocytes  whicli  have  become  entangled  and  transfomieil  in  the 
marrow  j  the  other,  that  they  are  developed  by  division  from  those  cells 
resident  in  the  marrow  itself. 

Of  course,  great  difficidties  stand  in  the  way  either  of  proving  or 
disproving  the  first  view,  but  it  eeema  probable  that  a  good  many  of 
them  owe  their  origin  to  this  source. 

Whatever  the  origin  of  the  luematoblasts  may  l)e,  there  seems  little 
doubt  that  within  the  bone  marrow  they  are  subject  to  most  active 
proliferative  changes,  Division  among  the  cells  of  the  medulla  is  seen 
proceeding  with  such  rapidity,  that  Rindfleisch  (No.  14,  xvii.)  declares 
to  there  being,  second  to  cartilage,  no  cells  so  well  suited  to  study  cell 
proliferation  in  as  the  hxmatoblasts  of  a  middle  sized  guinea-pig. 

Bizrozoro,  moreover  (No.  50,  viii.  1881),  deacribea  their  division  iti  the  bone 
marrow  of  birds  by  moons  of  kaiyomiloiis.  Ho  finds  cells  of  oval  or  roand  shape, 
with  a  UQi'leus  in  the  stage  of  the  "  e<iuatoriiil  disc;"  oval  cells  with  "daughter 
uten  "  and  "  Kloraemli,''  often  unitwl  by  tine  striw  ;  aunilar  cells  witli  conijilotcly 
wikantod  nuclei  and  constricted  xirotoplosm ;  and  lastly,  oella  whoso  nuclei  show 
Um  reticuluui  of  the  "  resting  stage." 

Bizzozero  and  Torre  also  find  (No.  13,  icv.  1883,  p.  I)  that,  in  various  classes  of 
■wimaU^  there  are  special  organs  in  whieti  indirect  divisiou  can  lie  detectod  in  the 
younger  forma  of  blood  corpuscle.  Tliud  iu  mauuials,  binL>,  rejitilcs,  and  tailless 
amphibians,  it  is  the  bone  marrow;  in  tailed  aiupLibians,  the  gjihrii ;  and  iu  tish, 
besides  the  spleen,  the  h/iiiyhoid  parciidiynui,  ivliich,  in  them,  iucludcs  the  hUlnry. 

416.  Transformation  of  the  Haematoblasts. — The  cells  of 
bone  marrow  that  we  have  to  do  with  at  present,  in  studying  the 
evolution  of  the  coloured  blood  corpuscles,  are,  aa  before  described, 
ordinary  leucocytes,  letieocptes  with  liomogeneoua  protoplasm^  nucleated  cells 
ttbovU  the  size  of  a  leucocyte  and  colotired  with  hannogMnn,  larger  cells  eon' 
taimng  blood  corpuscles,  and  fully  developed  blood  discs.  It  now  remains 
to  be  seen  what  the  relationship  between  these  different  forms  may 
be. 

To  begin  with  the  leucocytes,  we  have  already  seen  what  their 
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various  sources  are  (Sect.  397).  It  has  also  been  mentioned  a*  prob- 
able that  the  coloured  blood  elements  are  simply  these  leucocytes  ta  a 
more  advanced  stage  of  evolution. 

Ivindtleisch,  as  previously  mentioned,  described  the  tranaforaulMB 
as  Ixiin^  caused  by  the  rejection  of  the  nucleus  from  the  eeO  bajj. 
The  cell  biiMly  then  closes  in  and  becomes  flattened,  and  thereby  eaa> 
Btitutes  a  coloured  blood  corpuscle.  Facta  are  against  this  accottBt  W 
the  process,  and  it  is  not  generally  accepted. 

A  much  more  feasible  statement  is  given  by  Amdt  (No.  13,  Ixxxin. 
1881,  p.  17),  namely,  that  the  nucleus  l)ecome8  transformed,  partiallr 
or  completely,  into  hienioglobin,  and  that  the  amount  of  thw  trM»- 
formation  determines  whether  the  blood  corpuscle  will  be  nncfaiteH  ■ 
not 

In  describing  the  stnicturo  of  red  bono  marrow,  it  wm  mcDtiowi 
that  blood  cor^fuscle  holding  cells  are  occasionally  scon  in  it.     It  \m 
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Pia.  181.— Staoh  or  TkAnrauiATioii  or  Liooocfni  or  Doxi  Mabbow  taro 
OiHMcrrnB  (fitter  OCbaoaX 

(a)  BaiioktobluU  u  r«t  oalaiBad  with  Immmi^oMb  ;  (»)  tkt  bo^T  or  Ika  mO  4 
Itloliiii:  (c}niiie,  with.  In  tddltlM, a iMiitlaf  of  Uw  avebM t  Wk  rtOll 
Booleua  MhI  rcUUvdjr  luenaaaal  *>m  oTtka  pipMBtad  etU-body ;  («)  I 
1k«  whola  ecll  •lluiluUlinl  in  iit«e  ;  (/)  nuclroi  •llMppeantt.  ■  men  dapraHioa  1 
ttHttuiA  Uonl-cotTiiucU.    The  imprcgiuition  wlUi  tuMnoglobla  la  rcttMaatad  hf  tha  i 


been  Msortcd  by  Foa  and  Salvioli  (No.  133,  iv.  1879  ;  No.  49»  1871L 
i.  p.  41)  that,  in  the  embryo  at  least,  the  coloured  blood  toryaaAm 
are  developed  from  pol]rnucleated  gfiant  cclls.  The  nucld  Ml 
lilx'ntted  from  the  cclls  and  become  blood  discs.  It  is  c|Uite  puMibls 
that  the  presence  of  these  giant  hicmatoblasts  may  have  given  riM  to 
the  o|)inion  that  blood  corpuscle  holding  cclls  are  a  normal  i  iiiMtitnait 
of  bono  marrow.  They  are  pretty  common  in  pemidoHS  oiuniiM^  bot 
hero  of  course  there  is  always  the  other  view  udmistifalek  vaaukjt 
that  they  are  in  process  of  intussuscopting  blood  corpusclec  and  doatrojr- 
ing  them. 

Arnold  {he,  til.,  p.  Id)  admits,  that  the  method  of  develo|Meiii of 
blood  corpuscles  within  giant  cells  and  their  subsequent  eaeape  froa 
the  latter  by  rupture  is  a  feasible  method,  and  that  it  ia  bome  oM 
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He  describes  still  another  method  by  which  giant  cell3  may  give 
birth  to  coloured  blood  corpuscles  in  bone  tnaiTow.  A  giaut  mass  of 
protoplasm,  without  nuclei,  becomes  coloured  with  haematin.  It  sub- 
sequently splits  into  many  fragments,  each  fragment  becoming  a 
blood  corpuscle.  What  are  called  microryles,  or  very  small  fragmen- 
tary looking  corpuscles,  are  sometimes  met  with  in  great  abundance  in 
aniemia.  It  is  possible,  if  this  method  of  blood  corpuscle  develop- 
ment can  be  entertained  at  all,  that  it  might  account  for  their 
presence. 

Gibson  {loe.  at.,  pp.  345,  467),  on  the  contrary,  scouts  the  idea  of 
the  giant-cells  being  parents  to  a  progeny  of  blood  corpuscles,  and 
traces  their  origin  to  nucleated  colonrleas  cells  {leucocytes).  The 
leucocyte  at  first  is,  of  course,  devoid  of  colouring  matter,  and  has 
the  appearance  represented  in  Fig.  181  {a).  The  next  stage  consists 
in  a  coloration  of  the  protoplasm  around  the  nucleus  in  a  narrow  band 
(i).  The  cell  becomes  progressively  smaller  and  flattened,  and  the 
nucleus  shrinks,  while  the  margin  of  coloured  protoplasm  increases  in 
size  (c).  The  nucieus,  lastly,  becomes  a  mere  point  or  shadow  in  the 
cell  substance,  and  ultimately  dis-ippears  (d,  f,  /). 

This  is  substantially  the  view  entertained  by  Ktilliker,  and  there 
seems  every  probability  that  it  is  correct. 

41 7.  Conclusions. — (1)  There  is  very  good  reason  to  l>e]ieve  that 
the  l>orie  marrow  in  Man  subserves  the  ssime  piu'pose  as  tlie  spleen,  in 
transforming  the  leucocytes  into  coloured  blood  coqjuscles. 

(2)  The  manner  in  which  this  is  accomplished  is,  that  leucocytes 
become  entangled  in  its  cavernous  tissue ;  they  next  begin  to  show  a 
yellow  colour  from  the  deposition  of  htemoglobia  in  the  protoplasm 
round  their  nuclei ;  the  nucleus  shrinks  and  disappears  •  and  contem- 
poraneously, the  cell  becomes  flattened  and  reduced  in  size,  so  as  to 
constitute  a  blood  disc 


(3)  THE  LYMPH  GLANDS  AND  THYROID. 

418.  That  the  lymph  glands  have  any  direct  coloured  corpuscle 
forming  capacity  in  cxtni-uteriue  c.xi.stence  seems  as  yet  to  be  doubtful. 
As  previously  explained,  they  may  become  coloured  blood  coi-]>U8cle 
forming  organs  when  the  spleen  is  excised,  but  otherwise,  do  not  seem 
directly  to  contribute  to  their  mass.  Gibson  (loc.  cU.,  p.  456  et  seq.) 
seems  to  think  that  they  may  have  some  power  of  transforming 
leucocytes  oven  in  health.  He  found  that  they  did  so  after  tying 
the  thoracic  duct  in  a  dog  so  as  to  delay  the  transmission  of  the 
leucocytes  onwards. 

Although  not  directly  engaged  in  throwing  off  coloured  blood 
corpuscles,  yet  there  seems  good  rcison  to  believe  that  the  lymph 
glands  subserve  a  most  fundamental  purpose  in  haemopoiesis  by 
furnishing  the  colourless  cells  (erythroblasts),  which  the  bone  marrow, 
and  most  likely  the  spleen,  subsequently  convert  into  hsmocytes  (see 
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Sect.  404),  and  hence  may  be  regarded  as  of  priinary 
maintaiuing  a  hc:ilthy  state  of  the  blood. 

If,  moreover,  wo  accept  Uayem's  hypotheaiB  that  his 
or  blood  plates  are  the  immediate  predecessors  of  the  eolonrad  mT' 
puscles,  the  lymph  glands  stand  out  with  an  equally  iinportaiii 
significance.  In  the  account  he  gives  of  the  origin  of  those 
blasts,  ho  says  (No.  204,  xv.  1879),  that  Owy  develop  irithia  thi 
colourless  cells  of  lymph,  and  that  they  are  usually  diacluufjsd  iate 
the  lymph  before  the  latter  enters  the  blood.  He  found  Ijtaiih  cdb 
containing  from  one  to  throe  hiematoblasts,  in  the  juice  exfgmmk 
from  lymph  glands.  The  hsematoblasts  within  them  are  hi|^i|j  i*' 
fractile,  stain  orange-red  with  eosin,  and  are  discharged  bj  ikf 
amoeboid  movements  of  the  cells  in  which  they  are  retsinod. 

It  should  also  be  mentioned,  that  Foa  and  Salvioli  hare  fooa' 
large  numbers  of  immature  nucleated  blood  corpuscles  ( luemstoUaiti 
of  Neumann)  in  the  lymph  glands  of  the  foetal  calf,  but  nut  in  exti» 
uterine  existence. 

The  removal  of  the  thyroid  brings  about  a  grave  inintitiilkiwl 
disturbance  (cachexia  stnimipriva)  which  indirectly  may  rMcC 
the  quality  of  the  blood  ;  but  it.s  blood  forming  capacity,  althoQ^ 
is  vouched  for  by  some  workers  on  this  subject,  soons  still 
in  the  affirmative.  Gibson  (No.  5,  xx.  1S86,  p.  674),  from  expsrv 
ments  on  dogs,  and  from  a  careful  perusal  of  the  literature  of  lbs 
subject,  concludes  that  the  "  thyroid  has,  jiroperly  spealcin^  no  faksi 
forming  function."  Any  blcxid  forming  ca^mcity  which  experiaeali 
on  animals  may  have  ]iointed  to  its  {possessing,  ho  ezplsitts  bjr  the 
prasenoe  within  it  of  lymph-foUiclo  tissue. 

General  Summary  of  Cokclusions  reoajiding  the  Oriooi 

THE  CoRPUSCtJLAR  ELEMENTS  OF  TlIE  BUXiD. 

419.  I.  Taking  all  things  into  consideration,  there  cannot  he 
doubt  that  the  great  source  of  the  colourc<l  corpuscles  is  to  be 
in  .the  colourless. 

2.  The  transformation  does  not  take  place  to  any  greal  esteoi,  S 
at  all,  in  the  general  circulation,  but  in  special  organs  provided  lor  the 
purpose. 

3.  Thete  is  no  evidence  to  show  that  the  colonrnd  Inrnimi  is 
manunsls  and  in  Man  by  segmentutinn.  The  coloured  arc  nthw  Is 
be  looked  n[)on  as  an  ultimatum  in  the  tn-olulion  c)f  the  partiealals 
matter  of  the  blood.  Having  rt'achcti  tim  and  sulMervod  their  porpass 
as  bearers  of  the  respiratory  g:is<.<s,  thuy  perish. 

4.  Uayem  has  adduced  strong  arguments  to  show  that  eoleumi 
corpasoles  are  evolveil  from  his  /'  /.<  or  IJood  plata,  but  further 
ioreetigatioo  is  required  to  estal               ;  mth  of  this  assettioa. 

5.  The  leucocytes  are  in  all  probulMlity  derived  at  first  hand 
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the   l3rmph  glands.      They  may  perhaps    subsequently  increase  in 
number  by  cleavage. 

6.  They  seem  to  be  of  two  kinds — leucoblasts  and  erythroblasts. 

7.  The  functions  of  the  former  are  not  accurately  known,  but  the 
latter  evidently  become  transformed  into  coloured  corpuscles  in  the 
spleen,  and  within  bone  marrow. 

8.  It  is  possible  that  the  spleen  and  bone  marrow  also  create 
leucocytes.  Their  structure  seems,  however,  more  adapted  for  sifting 
the  leucocytes  out  of  the  circulating  blood,  and  for  retarding  their 
onward  progress,  so  that  they  may  become  loaded  with  haemoglobin  and 
undergo  the  other  changes  necessary  to  convert  them  into  blood  discs. 

9.  The  starting  point,  therefore,  in  the  history  of  the  coloured 
blood  corpuscles  is  their  ori^n  in  the  lymph  glands ;  the  second  phase 
of  their  existence  is  where  they  are  set  free  in  the  blood  circulation ; 
the  third  where  they  are  entangled  in  the  spleen  and  bone  marrow ; 
and  the  last  where  they  are  liberated  from  these  organs  as  blood  discs 
impregnated  with  haemoglobin. 

10.  Those  coloiu-less  corpuscles  which  do  not  become  transformed 
probably  subserve  many  useful  purposes,  such  as  removing  dead 
tissues,  and  protecting  the  body  against  the  invasion  of  micro-organisms. 

1 1.  The  blood  plates  appear  also  to  be  derived  from  the  cells  of  the 
lymph  glands. 
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420.  The  term  literally  means  Uoodletmett  (a  priv.,  and 

At  the  present  day,   however,  it  is  not  employed  in  the  mbh  of  i 

eating  a  diminution  in  the  total  qmniUy  of  the  blood,  bat  nllMr 

as  pointing  to  a  deficiency  in  its  qxialiiy.     That  of  olig^xmui  {iXi^m, 

little  or  few)  is  occasionally  used  in  a  like  sense  ;  and  wlicro  the  Mmt 

is  in  the  numl}er  of  coq>usclos,  the  condition  is  sometimes 

by  that  of  oUgOCythjcmia  («ci'to«,  a  cell). 

Simon  (^o.  231,  p.  306 >  introduced  the  t«nu  spanxmia  (o 
poor)  to  indicate  a  poverty  of  the  blood  in  soIid>4,  more  esped*!^  M 
corpuscles  and  fibrin.  Hayem  uses  that  of  ag^lobulia  (agloboKc)  I* 
express  a  deficiency  in  htemoglobin.  Its  exact  sij^iticanoe  Iim  bM> 
explained  in  Section  361.  By  hyperalbuminosis  and  hjpttnni- 
minosis  are  meant  respectively  an  unusual  richness  and  scaraty  <A 
the  albumins;  and  similarly  the  terms  hyperinosis  (U,  (Vo«,  fibria  of 
the  blood)  and  hypinosis  relate  to  an  excess  or  deficiency  in  fihria 

GENERAL  CHARACTERS  OF  THE  BLOOD  IN  ANJBMIA. 

421.  Dimensions  of  Corpuscles. — As  a  gonond  statement,  ik 

may  be  said,  tliut  mth  the  exception  of  anaemia  produced  by  a  oa^ 
large  bsemorrhago,  the  dimensions  of  the  colounsd  corjnisclct  will  Iw 
found  to  be  modified.  In  chronic  anseraia,  it  is  common  to  find  ea 
exoess  of  small  corpuscles  or  microcytes,  a  condition  which  is  saa»- 
times  BO  evident  that  the  term  microcythzmia  has  been  applied  la 
it  by  Masius  and  Vanlair  (No.  232,  1671). 

Oat  of  tb«  moat  nmarkable  raws  of  this  diMMo  to  reoordsd  by  the  abort  i 
It  imt  that  of  *  young  girl  wh«  luffered  fh>m  chronic  jaandiot  with  tpltak  t 
Tha  miciocytct  slmott  entiraly  took  the  place  of  the  ordinsiy  eoiooRd  i 
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\Vhen  present,  they  are  usually  from  2  to  5  /a  in  diameter,  incline 
to  be  spherical,  and  arc  sometinies  deeply  colouretl. 

Eirfiuntt's  Cnrpvsrlfs. — A  special  form  of  microcyte  (see  Fig.  182)  has 
been  described  by  Eichorst  (No,  2S3,  p,  123  d  ^q.)  in  the  blood  of 
those  suffering  from  pernicioUS  anzmia.  It  is  perfectly'  round,  from 
3  to  3'5  /I  in  diameter,  and  the  individuals  never  run  into  rouleaux  as 
evaporation  is  proceeding.  Their  protoplasm  is  honiogencoiia,  and  they 
have  a  deep  red  colour.  They  are  destitute  of  a  nucleus  and  are 
peculiarly  resistant  to  all  reagents  which  affect  the  ordinary  coloured 
corpuscles.  So  numerous  are  they,  that  he  could  sonn'times  count  1 
for  every  5  ordinary  coloured  discs.  He  regards  thcin  as  being  almost 
diagnostic  of  pernicious  anaemia,  although  Grainger  Stewart  (No.  6, 
1876,  ii.  p.  40),  Lt'pine  (No.  234,  1876,  Nos.  cxiv.  cxv.),  Rosenstein 
(No.  43,  February  1877,  No.  ix.),  and  Strieker  (No.  22,  Jahrg.  ii.  1877, 
\h  287),  have  not  been  able  to  confirm  this. 

At  other  times  there  is  a  preponderance  of  very  large  or  g^iant 
corpuscles  ninning  from  10  up  to  1 4  ft  in  diameter. 

Oram  (No.  11,  ii.  ISSd,  ]i.  47)  states  that  the  >liuiiiot«r  of  the  coloured  blood- 
cori>usclea  in  casea  at  jaundice  ia  Increased  without  their  a)i5ohit«  bulk  being 
ikUgmeut«<l.  Osier  (No.  191),  xxiz.  1886,  p.  377  et  tuq.)  thinks  that  "there  may 
exiat  in  the  (icteric)  senini  some  elemeDt — the  product  of  Jrntruction  in  the 
luenioglobin — which  may  act  upou  the  red  cella  and  cause  thoiu  to  assume  a  more 
flattened  forni." 

Blood  corpuscle  holding  cells  have  been  alleged  to  be  pre- 
sent, but  this  must  be  »f  rare  occurrence,  otherwise  their  presence 
would  have  been  ofteniT  contirmed. 

422.  Form  of  the  Corpuscles. — Alterations  in  shape  are  very 
frequent.  Thus  the  coloured  corpuscles  may  be  more  or  less  pointed, 
balloon,  or  ta^lpole  shaped,  or  they  rnay  bo  irregular  in  outline, 
the  small  varieties  being  those  in  which  the  deformity  is  greatest 
They  go  by  the  name  of  poikilocytes. 

423.  Colour  and  Number. — Where  the  atiajmia  is  at  all  advanced, 
the  blo<xl  has  a  pale  red  watery  appearance,  with  sumetimes  a  tinge  of 
yellow  in  it.  The  colour  of  the  corpuscles  in  some  forms  is  below 
that  of  health.  Their  number  may  not  be  absolutely  diminished,  and 
yet  the  anaemia  be  very  evident,  owing  to  the  loss  in  hremoglobin. 


DEGREES  OF  ANEMIA. 

424.  Various  attempts  have  been  made  to  classify  antemias  accord- 
ing to  the  amount  of  aglobulia  or  deficiency  in  luemoglobin  which 
may  be  present* 

Ualla  (Kg.  141,  1883,  p.  198}  recogniaea  three  poasibilities :  (I)  the  number  of 
coloured  blood  corpunclea  sinks  lower  than  the  so-oiillwl  "  richcuse  globulaire " 
(Hayem,  see  Sect.  361)  ;  (2)  th«<  cohrar  sinks  jiarullul  with  that  of  the  culoured  blood 
corituscles,  aod  still  the  latter  retain  their  uornial  proportion  of  colouring  matter ; 
(3)  the  colour  sinks  along  with  tlit>  iiumbcr. 

VOL.  I  2  K 


THE  BLOOD 


TAKtm 


425.  According  to  the  amount  of  aglobiilia  or  deficiency  in 
globiti,  Hayom  classifies  anaemias  in  four  categories: — 

(1)  Slight  agloMia. — There  is  some  difKcultj  in  tftjiag 
particular  blood  is  worthy  of  being  called  ansmic  or  aglobulic 
may,  however,  be  generally  classitiod  as  pathological  when  iu 
(R)  in  hsemoglobin  (see  Sect.  361)  is  expressed  by  a  value  inferior  lo 
that  of  blood  containing  4,000,000  healthy  corpiisclrn  j>er  cu.  wbl 
In  this  first  degree  of  aglobulia  the  richness  of  the  h]o<Kl  (K)  in  lunao- 
globin  ranges  between  an  equivalent  of  4,000,000  and  3,000,000.  Tkt 
globular  richness  of  the  individual  cor|juscle8  (G)  may,  however,  varf 
according  as  the  corpuscles  are  altered  in  number  or  not.  In  the  prewl 
case  it  may  sink  to  090  or  to  070  (1  representing  the  globular  valet 
of  a  corpuscle  in  health),  while  in  a  normal  individtul  it  seldon  bflt 
below  0-90. 

(2)  Medium  Aglo^vVm. — This  is  characterised  by  a  gr<»t«r  feDtngaff 
in  the  hiemoglobin.  When  expressed  in  terms  of  healthy  corfwocle*. 
the  blood  sinks  iu  colouring  power  to  a  value  represented  by  3.000,000 
to  2,000,000  per  cu.  nina.  The  number  of  corimscles,  however,  aar 
be  very  large,  owing  to  there  lieing  an  excessive  proportion  of  sbmII 
and  deformed  corpuscles  present  Many  of  these  microcytea  nuy  b« 
poorly  coloured.  There  may  on  the  other  hand  be  amjr  filM 
corpuscles  present,  but  these  licing  also  weak  in  colouring  *TT***ff,  th( 
total  result  of  the  calculation  need  not  necessarily  be  interfemd  with, 
as  might  at  first  be  exiiected.  In  estimating  the  value  of  Ut«  total 
result,  the  degree  of  colour  of  those  abnormal  corpuscle*  ahoold  oi 
course  always  be  Iwme  in  mind. 

The  absulutv  number  of  corpuscles  in  certain  cases  may  even  ha 
above  that  of  normal  blood,  but  usually  ranges  between  5,500,000 
and  3,000,000  ;  and  very  often  at  the  time  when  the  ^mtient  i«  n- 
covering  the  number  may  alMolutely  fall.  The  value  of  the  indiridua] 
corpuscles  in  haemoglobin  may  sink  to  0*30,  tliat  is  to  say,  the  Kkwd, 
taken  as  a  whole,  is  more  than  throe  times  weaker  in  colouring  niatur 
than  it  should  )>e  in  health.  This,  however,  is  considered  n  minimtua. 
The  cori>uscular  value  langea  aa  a  rule  Itetween  U'30  and  080. 

(3)  Intense  Aglobulia. — As  l)efore,  llio  corpuscles  vary  in  dimeiaMB^ 
but  the  average  size  approaches  that  of  tlie  normal,  sometimea  abovi^ 
sometimes  below  it.  The  proportion  of  small  globules  is  not  an  gieet 
as  before.  Large  and  giant  cells  are  more  characteriatie^  altliomk 
not  in>-ariably  so. 

The  degree  of  globular  richness  (R),  compared  with  that  of 
blood,  descends  to  an  equivalent  uf  2,000,000  to  800,000. 
numVwr  of  coqiuscles  ranges  between  2,800,000  and  1,000,000. 
globular  value  (G)  of  the  individual  corpusclea,  aeeing  that 
ntirober  and  richness  in  haemoglobin  (R)  are  reduced  aimuli 
is  higher  than  before      It  varies  Iwtween  040  and  1. 

{^)  EitreiM  or  Penncious  Aglobulia. — It  comprises  thoi 
the  disease  usually  proves  fatal.      The  impoveriahment  ia 


Hm 


CHAP,  xxni 


AN  JEM  I A 


499 


corpuscles  \a  often  complicated  by  other  alterations,  particularly  by 
leucocythiEmia ;  but  in  certain  exceptional  cases  the  aglobvilia  appears 
to  be  primitive  (essential,  spontaneous),  and  constitutes  the  only 
anatomical  lesion.  It  is  accompanied,  as  in  the  preceding,  by  grave 
alteration  in  the  size  of  certain  of  the  coloured  corpuscles,  but  the 
average  approaches  that  of  health.  The  richness  in  haemoglobin  (R) 
varies  between  an  equivalent  of  80fl,00Cl  and  4r)0,uno  of  healthy 
blood ;  the  number  of  corimscles  is  extremely  small,  relatively  less 
than  that  which  represents  its  richness  in  haemoglobin ;  and  the 
globular  value  of  the  individual  corpuscles  approaches  the  normal. 

Varieties  of  ANiT-MiA. 

426.  The  varieties  of  antemia,  considered  from  an  etiological  basis 
of  classification,  are  so  numerous  that  it  would  be  out  of  place  to  refer 
to  them  all  at  present  A  few  of  the  most  typical  forms  may, 
however,  be  specially  noticed. 


(1)  FROM  H.EMOnRHAGE. 

427.  One  of  the  most  constant,  of  course,  is  that  resulting  from 
hemorrhage.  The  loss  of  blood  may  have  taken  place  from  a  wound, 
or  more  commonly  is  a  result  of  luernorrhoida,  disease  of  the  uterus, 
hflemoptysis,  epistaxis,  or  ulcer  of  the  stomach ;  or  it  may  be  caused 
by  blooil-suckiiig  j^arasites  {I'.g.,  tmrhr/JontiyiMi  tliwdenok). 

Vital  Phenomena. — These  depend,  of  course,  upon  the  amount  of 
blood  withdrawn.  A  few  ounces  may  l»o  taken  from  an  adult  without 
any  noticeabiti  difference,  beyond,  it  may  be,  slight  temporary  pallor 
and  a  sense  of  giddine.ss  and  thirst.  When  a  quantity  amounting  to 
five  pounds  or  there.ibout  is  lost  in  the  human  subject,  as  from  nipture 
of  an  aneurism,  death  takes  place  sudden!}'  (A\'agner).  When  a  lesser 
but  still  large  anioinit  is  suddenly  withdrawn,  the  pallor  becomes  very 
evident  in  the  face,  lijis,  hands,  and  other  parts  of  the  surface,  and  in 
the  ATsible  raucous  membranes  ;  the  iusjiirations  become  deeper ;  and 
there  is  a  tendency  to  their  rising  at  regular  intervals  to  a  climax, 
and  subsequently  subsiding  (Cheyno-Stokes'  breathing),  At  the  same 
time  there  is  u  feeling  of  giddiness,  and  a  tendency  to  syncope  if 
the  individual  attt-mpt  to  rise.  Thirst,  loss  of  voice,  dilatation  of 
the  pupils,  and,  in  the  later  stages,  convulsions  are  also  notable 
ihenomena. 

Such  ha.'mon'hages,  however,  if  the  person  have  been  previously  in 

xl  health,  are  not  so  liable  to  excite  a  {>rotract«d  anmmic  condition 
as  where  the  hsemorrhage  is  in  small  quantity  and  often  repeated. 
When  such  a  chronic  ana.*mia  has  been  established,  not  only  does  the 
system  suffer  from  the  actual  loss  in  corpuscles,  but  those  corpuscles 
which  are  thrown  off  from  the  hlood-generating  organs  are  improperly 
formed,  and  deficient  in  colouring  matter.      In  some  instances  the 
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ana3inia,  instead  of  improTing  progressively,  gets  worse,  and  altiauteij 

proves  fata]. 

The  aiup  mr  amp  injury  inflicted  upon  the  blood-preparing  amm 
seems  to  deteriorate  their  recuperative  iwwers  in  a  much  niort  mnam 
manner  than  where  a  single  large  alistroction  has  taken  pla«* ;  tai 
the  anremja,  consequently,  is  long  in  being  recovered  froni.  Tb* 
blood  becomes  so  impoverished,  that  a  state  of  hydnemia,  witk  its 
accompanying  dropsj',  is  often  provoked. 

In  a  person  already  ana;mic  from  disease  or  from  other  caoaa^  ■ 
loss  wliich  in  a  healthy  {lerson  would  be  comparatively  inaignifieaiit, 
gives  rise  to  the  gravest  results. 

In  (Mirsons  sulfering  from  this  tnily  anzmic  constitutkia  At 
signs  are  sufficiently  well  marked  by  the  great  ixallor,  often 
to  a  greenish  tint,  and  wax-like  lustre  of  the  skin  (chlorosis), 
weakness,  palpitation,  breathlessness  on  exertion,  etc 


(2)  FROM  ORGANIC  DISEASE  OF  THE  STOMACH. 


428.  The  resulting  aniemia  may  be  intense.  The  inl 
with  the  preparation  of  the  peptones,  together  with  the  direct  loM  of 
Uood  from  the  coats  of  the  organ,  sufficiently  accounts  for  this.  Th« 
atuemia  is  not  owing  merely  to  a  deficiency  in  the  proportion  «f 
hmnoglobin,  but  there  may  also  be  a  large  falling  off  (75  per  cent) 
in  the  coloured  corpuscles  (Coupland,  No.  69,  1881,  i.  p.  492). 

Hfemorrhage  from  acute  ulcer  of  the  stomach  sometime*  grras 
rise  to  extreme  anosmia.     Siegel  (>'o.  219,  1885,  iii.  and  it.),  in 
case  of  this  kind,  found  the  number  descend  to  1,030,000  per  cu, 
The  ex|>lanation  is  jirolKibly  to  bo  traced  both  to  loss  of  blood  and  tO 
impaii-ment  in  the  functions  of  the  organ. 


(3)  FROM  VALVULAR  DISEASE  OF  THE  HEAJtT. 

429.  In  valvular  disease  of  the  heart,  there  is  also  a  liability  to 
UUemia.  In  its  essentially  characteristic  form,  it  is  to  be  found  when 
the  disease  has  lasted  for  a  long  time,  and  most  markedly  a  few 
mcmUu  before  it  proves  fatal 

(4)  CHLOROSIS. 

430.  Vital  Phenomena. — This  is  a  peculiar  form  of 
which  shows  itself  in  young  girls  about  the  age  of  ]iuberty.  In 
oases,  however,  the  disease  appears  to  be  congenital.  It  is  chi 
bjr  a  peculiar  green  tint,  with  wax-like  lustre,  of  the  skin,  hence  tii« 
name  (xAu/xh,  pale  green).  The  disease  is  usually  accompanied  by 
more  or  less  functional  disturbance  of  the  genital  organs,  and  of  those 
of  digestion.  An«?mic  mummrs  and  palpitation  and  broai 
with  peculiarly  well  marked  muscular  lassitude  and 
irregularity,  aro  prominent  features.     As  in  other  forms  of 
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{he  j'uuHiruliis  adiposus  is  abun<liint,  so  tliat  the  individnal  luay  apjfear 
to  bfi  well  nourished.  The  muscles  are,  however,  attenuated.  The 
decomposition  of  fats  is  decrfosed,  while  that  of  the  prot-eiiJs  is  in- 
creased, as  shown  hy  the  ndctitioiiiil  qiutiitity  of  ureA  excreted. 

Anatomical  Peculiarities. — There  is  usually  an  imder-develop- 
ment  of  the  sexuul  organ."?  and  Uond-vcssels.  As  Vireliovv  (No.  2.36) 
h.-ts  demonstrated,  the  uterus  is  small  and  infantile  in  appearance,  and 
the  mammv  are  flattened  and  unevolved.  The  ln-iui  in  aonie  cases  is 
extremely  hypoplastic,  and  the  nurti'  narrow.  The  other  inleriud  nrijnns 
are  pale  and  ana?mic,  and  tiie  omfiUum,  like  the  subcutaneous  areolar 
tissue,  may  be  loaded  with  fat.  The  tumporature  as  a  nde  is  not  below 
normal,  aithoiiijh  the  patient  suffers  from  the  subjeetivc  sensation  of 
Cold.      In  certain  <:'ircumstiince.s,  the  t-eniperaturo  may  even  be  raised. 

431.  The  Blood. — The  blow!  presents  a  pale,  almo.st  orange-red, 
tint,  and  easily  escajies  from  a  prick  of  the  Knger.  It  is  sometimes 
deficient  in  corpuscles,  sometimes  not,  and  accordingly,  the  disease 
ha.s  been  des<'ril)ed  as  of  two  kinds.  When  it  coagulates,  it  leaves  a 
bnffy  coat.  The  peculiarity  of  the  disease,  as  fii-at  demonstrated  by 
Johann  Duncan  (No.  12,  Iv.,  Naturwissenchaft.  Classe,  1867,  2  Ab.,  p. 
516),  is  the  depreciation  of  the  gross  amount  of  luvmoglobin  dispro- 
{)ortionately  to  the  fall  in  the  immber  of  blood  i'orpn.scles. 

Of  thirty-two  chlorotic  girls,  from  fifteen  tn  twenty-two  years  of 
age,  in  whom  the  blood  corpuscles  were  counted  by  Siegel  (No. 
219,  Nos.  xi.,  xii.,  xvi.,  xxiv.,  1884),  there  was  a  decrease  in  the 
number  in  five.  In  other  five  there  wjis  no  decrease,  and  in  the 
remaining  twenty-two,  there  was  a  very  evident  decrease,  ranging  Ije- 
twcen  .3,690,000  and  1,1>60,000  per  cu.  mm.  There  was  a  diminution 
of  the  colouring  matter,  however,  in  ail  cases.  Tlie  following  extract 
from  a  very  instnictive  table  given  by  him,  showing  the  relationship  of 
the  number  of  corfiuscles  to  the  hremoglobin  iti  variotis  anaemic  states, 
will  serve  to  illustrate  the  want  of  corres]K)ndence  between  the  two. 


DMlgHUoa  oTI 


1.  Womsn. — IiitenM   chlonmis,   at   coni- 

meiicemeiit  of  treatment 

2.  Woioau.  —  Cliloro  -  aiiiuiiiia,    at    coni- 

iDenccinent  of  treatment  on  l&th 
January  1877  .... 
A  nielioration  on  20tL  February  1877 
8.  Woiuna.  — Cliloro-anieiiiin  during  treat- 
ment       

4.  Woman. — OlJ  chlorosis,  trcatmvnt  witL 

iron  for  many  yearo 

5.  Woman. — Eaaeutial  aniemU 


Far  GIL  nun. 


„  ,       i  Uicmo. 

CorpiuclM.    ^i^btu 


Minis. 
3,800,000    0-088 


2,800,000  '  0-018 
3,300,000    0-062 

2,720,000    0-053 

4,000,000    0-091 
1,830,000    0  038 


Xumticr  nf 

c-orpiutclpi 

|NT  mllli- 

Kniiiiine  of 

liirinotrloliln. 


94.620,000 


58,330,000 

68,220,000 

51.820,000 

4a,950,W< 
55.460,0< 


A»^gr.> 
10-55 


17  14 

18-78 

19-46 


'  Tlie  tfign  ^  atanda  for  the  Trrhinr  of  rvrltsr  o^  a  gnunma. 
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The  srrwn  of  chlorotic  blood,  where  the  case  is  uncomplicatad,  diSan 
little  from  that  of  health.  The  disease,  therefore,  is  one  eaaeattaUj  m 
which  there  is  a  deficient  production  of  haemoglobin,  and,  fron  viat 
has  been  said  of  the  organs  in  which  the  impregnation  of  the 
with  this  takes  place,  it  might  naturally  be  expected  that  Um 
and  bone  inarrow  would  be  at  fault.  The  disease  as  yet,  however,  im 
not  been  associated  with  any  distinct  lesion  of  these  orguu. 

One  remarkable  (Ktinb  in  connection  with  it,  as  contrutad  wilk 
pernicious  anaemia,  is  the  salutary,  almost  sjieciflc,  efToct  prodiMed  is 
many  cases  by  the  administration  of  iron. 

Under  the  use  of  this  dnig,  according  to  Hayera  (No.  40,  Nor.  30, 
1876),  not  only  does  the  lueinogoblin  increase  in  (juantity,  but  nam- 
bers  of  new  coloured  blood  corpuscles,  paler  and  smaller  Utan  tboM  of 
health,  are  noticed  to  appear  during  its  administration. 

LilenUurt  on  A  iitrmut  mid  ChlonuiA. —AliCOpi  I  £tii<lti  cnniiwirfc  iW  I'AlMiiB  •!  4«  b 
Cliloroms,  1807.  Benczur  (Hirimvglobiii  in):  l>eul.  Artli.  f.  Uin.  .M#d..  xxxvL  18H 
p.  365.  Bienner:  Corrrsp.  Kl.  f.  Mhvnh.  A«<n;t«s  it.  1872,  Bonchut :  G«t.  iL  tUm^ 
xlriii.  1875,  y.  14«.  Bouillaud  :  Do  In  Clilorcav  ct  dr  IAui>aiic  18(9.  Fctec:  U 
ChloroM,  1867.  Gowera:  Lancet,  187S,  i.  p.  675.  Habershon :  Uoea.  IMS,  l 
pp.  SIS,  5.S7  ;  oZa),  M«a.  Tiiii«ji  Mid  Ooz.,  1876,  i.  |>.  249.  Hanif  (EUol^jf):  ft. 
Butlu  Hmp.  Rep.,  xli.  1876,  p.  307.     Hajem :  Conipt.  nml.  A<a4.  iL  8e^  ImS. 

1876,  p.  307  ;  aim,  Uniou  mvii.  Pu-.,  xiiiL  18<7,  pp.  10-.>6.  1037  ;  •>/«>.  Ox^  r*M.  b- 
t«mat.  d.  8c.  nit-(l.,  Conipt.  rrti<1.,  Oiii-vr,  1878,  p.  211  ;  ttUn,  CompL  RcivL  AcwLA^ftt. 
ze.  1880,  p.  225.     Immermann  :  Cy<.'l.  I'ract.  Mwl.  N.  Y.,  v.  ZiemMcn  (trwML),  nl 

1877.  p.  SS2.  Lepine  and  Gennont  (Microcytoi) :  Oaz.  mM.  ile  Par.,  vi  lfi7«,  |k.  Hfc 
Litten:  Bcrl.  klin.  Wcxlinachr.,  xiv.  1877.  pp.  1.  748.  Loache :  I>lr  Antmk.  lasS. 
Malassez  (Caucc-rous) :  Bull.  Soc  luiat.  Jr  Pat.,  txfx.  1874,  p.  2H2.  BfImatC(*aM: 
Uaj.  [ije<l.  iul.  lonib.,  w.  1865,  pp.  197,  20.S.  Masius :  l»e  la  •tinrjIh^wiH.  1*71^ 
Moriez :  La  ChlorcMe,  1880.  Patrigeon  et  Meunier  :  Arrli.  gi^ii.  lU  MM,  sxs.  I(^, 
p.  1U7.  Pepper:  Pliila.  Me<L  Time«,  ix.  1878,  |<.  :>4.  Potlock  :  I.>»ni.  1*75^  a.  ft, 
201.  Sanderson  :  M«<I.Time«  and Gax.,  l$71,i.  p.  1 'ef«n/.  "i  liiilii  T"  1  1  rfchiw^, 
1868.  Skene  :  MM.  News,  Pliila.,  xliv.  1884,  p.  2»3.  Trousseau  :  )1iu.  M«d.(tiM<.k 
N.  Syd.  So.:..  V.  1872,  p.  95.  Virchow :  Veh.  d.  Chlorow  u.  d.  damlt  Itammmm- 
haiij^odou  Aiioinalieii  ini  Ocran.iiiiipiU'att!,  vtc,  1872.  Vulpiao :  Cllit.  mM.  4i  fH^ 
d«  la  C'bariU',  l$7i',  ]>.  463. 


(ft)  PROGRESSIVE  PERKICIOUS  ANEMIA. 

432.  History  and  Nomenclature. — It  would  be  quite  oat  ti 
place  here  to  give  anything  like  a  complete  historical  record  of  tUs 
diaeaae,  so  ponderous  has  the  literature  on  the  subject  beooma ;  mad 
hence  all  that  can  be  attempted  is  to  indicate  some  of  the  litenrj 
landmarks  which  have  led  up  to  our  present  knowledge  of  tt 

The  firat  cUuical  account  of  pemicioua  caaea  of  onirmia,  as  diatinct  fraaa  I 
la  grnvnl,  Mctns  to  hav«  bwn  f^ron  by  Addison,  wbo  ol(>«rly  <lMerih«d  kav,  I 
manjr  jrean,  b«  had  obssrrtd  •  partieolar  rIaM  (>f  aini-miu  case*  which  w«ni  Ml 
to  any  vnry  tmmedLaUi  and  rocogniulile  caase,  and  wliich  cndnl  fatalljr.     Ha 
the  diaeaae  tha  name  of  "Idiopathic  Anasniia,"  on  account  of  the  abaenor  tt  i 
BMignsbl*  reason  for  ita  occurrence  <8eo  Addiiou'i  Collected  VTorka,  New  8j<iL  8a&, 
pp.  S12.S13). 

The  name  "  EMcntial  Anatntia  "  waa  applied  to  it  by  Lebert,  who  aOnned  tfeai 
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in  the  year  1853,  he  had  seen  and  described  the  disease  Tor  the  first  time  (See  No. 
107,  Ap.  1876,  p.  385). 

In  the  year  1857  several  cases  were  put  on  record  by  WiUcs  (No.  63,  1857,  p. 
^203),  and  the  pathological  featnreii  of  the  difleose,  inclocling  the  fatty  heart,  were 
describvd  in  a  necond  papier  on  Addison's  disease.  Pernicious  Anteniia,  etc  (No.  68, 
1859,  p.  108)  by  the  same  author. 

Up  till  the  year  1868,  however,  the  pathologj-  of  tin;  ilisease  had  been  but  super- 
ficially investigated  ;  for,  since  tlie  time  when  AiUU.san  and  'Wilks  lind  recognised 
its  clinical  features,  it  did  not  sooni  to  have  ottracti'd  much  attention.  In  this  year, 
Biermer  (No.  238,  No.  viii.  Sect.  ix.  1869,  p.  173)  drew  attention  to  the  great  fre- 
(luoney  with  which  the  heart,  arteries,  and  cajiUlaries  underwent  fatty  degeneration 
in  idioiMthio  and  secondary  anieniia.i,  and  to  the  hnniorrhagcs  anil  enlargement  of  the 
spleen  as  aooompauiuieuts  of  the  disease.  Later  on  (No.  '239,  Jahrg.  ii.  No.  1,  1872), 
Le  related  the  history,  symptomii,  and  iiathulo^cal  features  of  the  disease  in  fifteen 
coaes.     He  al»o  named  the  diseate  "  Progressive  Perniciou.i  Anosmia." 

The  condition  ni  /aU\f  degeneration  of  the  fuart  which  is  so  common  a  complica- 
tion of  the  disease,  was  specially  investigated  by  Ponfick  (No.  43,  Nos.  i.  and  ii. 
1873),  who  showed  experimentally  that  hieniorrhage,  when  excessive,  will  cause  it. 

In  Gcnnany,  Cohnheim  (No.  13,  Ixviii.  1876,  ]>.  201)  is  generally  regarded  as 
liaving  pointed  out  tlie  morbid  state  of  the  bones  ;  but  Pepper  (No.  82,  Oct.  1875) 
iu  America,  and  Fede  (No.  240,  viL  1875,  Nos.  xvii.  an<l  xviii. )  in  Italy,  had  lioth 
described  the  condition  of  the  bones  in  the  preceding  year.  Researches  ui>on  the 
aame  subject  were  aub8e<]ucntly  made  by  Scheby-Buch  (No.  140,  1876),  Bradbiuy 
(No.  6,  1876),  an<l  Osier  and  Gardner  (No.  50,  l,s77). 

General  Vital  Phenomena  of  the  Disease. — The  main  dis- 
tinctive j«ints  of  tiiis  form  of  aiiitmiu,  as  contrasted  witii  others, 
are  (I)  It  occurs  at  an  ago  when  chK»rosis  is  not  iiahle  to  be  met  with. 
(2)  A  large  proportion  of  tlie  cases  are  in  males.  (3)  Its  course  is 
unaffected  by  the  administration  of  iron.  (4)  It  alwiiya  terminates 
fatally. 

The  commenceuicnt  of  the  disease  can  often  bo  traced  to  a  hannor- 
rhago,  such  as  tiiat  residting  from  delivery  ;  but  just  as  hequently 
there  is  no  such  as-signable  cause. 

SulitUvisitms, — Tfie  disease  has,  accordinjily,  bet<n  divided  by  Eichorst 
(No.  241,  p.  60)  into  two  varieties,  according  as  it  has  liecn  jirecoded 
by  some  predisposing  systemic  influence,  or  not.  The  latter  he  names 
Essential,  Primary,  Idiopathic,  or  Progressive  Pernicious  Aua?mia ; 
the  former  Secondary,  Sympathetic,  or  Deuteropathic  (&i'T<po«,  second) 
Pernicious  Anajinia,  following  (cr)  pregnancy  and  dcliverj-,  (/*)  diseases 
of  the  alimentary  canal,  (<•)  losses  of  blood  and  liijiiids,  (</)  bad  sur- 
roundings, insntlicierit  noiirisliment,  care,  and  an.viety. 

Connection  with  Leuksemia. — Cases  have  been  recorded  by 
Litten  (No.  43,  Jahrg.  .\iv.  1877,  [ip.  2.'J7,  278),  Lcubo  and  Fleischer 
(No.  13,  Ixx-xiii.  1881,  p.  124),  and  Waldstcin  (No.  13,  xci.  1883,  p. 
IS),  in  which  the  disease  was  followed  some  time  before  death  by 
leucocythsemia.  Two  of  the  cases  occurred  in  women  after  childbirth, 
the  tliinl  commenced  without  any  appreciable  cause. 

The  Blood. — As  a  rule,  it  is  deficient  in  colour,  and  inclines,  as 
in  chlorosis,  to  an  orange-red.     It  readily  eecai>e8  from  a  jmucture. 
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In  extromo  cases,  its  tcatmi  appearance  is  very  cluufteterittie,  lulii 
I>efore  und  after  death.  It  has  been  noticed,  by  Broadbent  (Na  193, 
1875,  p.  23),  to  have  so  yellow  a  colour  that  it  stained  tbe  haaik. 
Pale  yellow  soft  clots  are  found  in  the  chambors  of  the  heut^  and  tht 
specific,  gmrity  w  low. 

In  one  eaue  recorjod  by  QuinrVe  (No,  208,  xxv.  «nd  xxrL  18M),  ft<Mn4*Mll* 
1028-2  and  when  allowed  to  stand,  the  Inrer  of  Moo<l  rorpaaela  wMai  Ml  l»tt» 
tMttOR)  of  the  vea-iel  occupied  only  one-sixth  of  tli»  wlinlv  cohinin  nf  Mood. 

Frankcl  (iiuotod  ljy  Eic-lionit,  No.  'Hi,  \\.  'i')  found  in  one  case  four  days  \iAm 
denth,  U 'S7  part-s  solids  in  the  100  porU  tilood,  ofwhic-h  1'8I  iru  of  a  oitnipaai 
nature  (nitrog:eii  iii  dry  Idood  16'66  ]>«r  oont,  aah  of  moLit  l>loo<t  0746  fHTMBO. 
In  another  caae,  he  fnuiid  1211  parts  aolida  in  100  p*rta  blood,  and  1*83  pw  Mit 


Fli^  U.'.  — I'kkXK  iuw<  A.v.cul*  tti^dOii, 


l.K     t.-.l..-   1      -      i...M,.     I 


iiitrogrn  (nitro}(en  in  dry  1j1o<nI  I.I'IO).     Healthy  blood  contain*  20-24  |iaita 
ill  loo  pttrt<  blood,  and  ."J-27  l^r  cent  nitrogen  ;  hitroiST'ii  of  ilried  Mood  H*: 
cent     There  would  thun  Aii|ii'iir  to  b«  a  reduction  both  in  the  l«t«l  <|uantit]r  «f  tMt 

and  in  the  i|tianttty  of  nitrogen. 

The  Coloured  Corpuscles. — These  are  always  found  to  be  diak- 
ishcd  ill  nuniber.  In  one  case  which  came  undor  the  notice  of  tfat 
author,  tlie  loss  in  their  number  couhl  be  observed  almoit  didly. 
They  have  little  t^mlency  to  nm  together  into  nnilmux  when  erapm- 
tion  commences,  and  arc  said  by  Eicliorat  not  to  becotne  erauted 
when  dried,  but  only  to  present  a  wavy  outline. 

They  are  dcforinwl,  in  many  instances  tpoikilocjrtCS),  and  atmaix 
thorn  are  numerous  entail  corpuscles  (microcytes) ;  but  the  (alter, 
•hown  by  Rosenstcin  (No.  43,  Jahrg.  xir.  1877,  p.  112),  Lupine  (Si 
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243,  1877,  i>.  141),  and  Littcn  (No.  43,  Jahrg.  xiv.  1877,  p.  257),  are 
l>y  no  means  constantly  present. 

Eiduirsts  Viirpmclfs. — The  small  s[)herical  and  il;irk-red  coloured 
corpusclea  described  by  Eichorst,  have  already  been  referred  to  (Sect 
421).  As  stated,  tlioy  do  not  seem  to  be  jierfectly  diagnostic  of  the 
disease,  altliough  a  frequent  constitncrit  of  flie  hlooil. 

Giunt  blood  corpuscles  or  megalocytes  are  also  met  with,  and  are 
said  by  Osier  to  be  a  constant  element  in  this  disease.  He  regiu'ds 
them  as  iTnjM-rfi'ctly  traii.sfornied  corptiscles. 


l«-i.  — i**:ilNl<-Htl'S    AN.f3IJA    ni.4^<ID,  :'llnW  INII    I'nIkI 
MlCRCCVTM  (XflOO  UlAKH.) 


t  VTJM    A  Vt> 


The  blood-plates,  acconling  to  Halla  (No.  141,  1S83,  p.  198), 
are  reduced  in  number. 

The  Leucocytes. — As  before  remarked,  some  cases  of  pernicious 
anaemia  ha\o  been  known  to  terminate  in  true  leucocythainia.  A 
Icucocytosiii,  ur  .slight  excess  of  leucocytes,  is  a  common  feature. 

Hxmoglobin. — The  grn.«i3  amount  is  va.stly  dim'mhhfd,  but  the 
individual  corpuscular  value  in  hremoglobin  is  iucrnifnl.  In  some 
instances  it  may  be  doubled,  In  ordinary  aniemia  on  the  other  hand 
the  corjniscxdar  vabie  in  brnmoglobin  is  usually  unaltered  (Osier). 

Condition  of  Organs  after  Death. — One  of  the  main  char- 
acteristics, of  course,  is  the  inteii.'^oiy  blanched  a])peanince  of  the 
whole  Ikudy,  most  pronounced  in  the  lips,  fingers,  heart,  and  brain. 
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The  brain  looks  as  if  \\s  vessels  had  been  thoroughly  washed  OBt  witk 
water.  The  medullary  substjince  presents  a  dead  white  appauaaea^ 
and  contrasts  in  a  remarkable  manner  with  the  gray.  It  ia  not  as  a 
rule  otborwise  morbid,  and  ia  of  firm  consistence. 

There  is,  as  in  chlorosis,  an  excessive  amount  of  fat  in  tk«  m^ 
cutaneoiu  areolar  tissue,  on  the  omentum,  appendices  epipioie%  sad 
on  the  surface  of  the  heart  The  muscles,  however,  srs  genenltj 
poorly  nourished. 

In  three  ooaoi  Litton  (No.  43,  Jahrg.  xiv.  1877,  pfx  3S7,  378)  fouiwl  tlM  wmim 
woll  (levoloped  and  of  ■  Umrlc  red  colour,  thiu  oontnsting  with  Uis  imtjfkj  aaaak 
heart. 

The  heart  is  almost  always  found  to  be  fatty  in  one  or  otk« 
ventricle,  or  in  both ;  the  columnm  carnete,  and  rausctiH  papQhiKS 
being  the  {larts  in  which  the  striated  ap[)earance  so  indicative  of  Um 
disease  (Sect  502)  is  most  evident. 

Tlie  small  arteries  and  capillaries  in  various  parts  of  the  heAf 
are  abo  fre(|Uontly  the   seat  of  a   fatty  degeneration.      The 
intima  is  the  coat  which  particularly  suffers. 

Other  organs  are  all  more  or  less  antemic,  the  Iddney  loving  iU 
natural  ret!  colour  and  becoming  of  a  pale  yellow,  while  Um  lit« 
in  certain  instances  is  fatty,  and  contains  much  more  iroo  Uhb 
normally. 

The  condition  of  the  spleen  seems  to  be  as  yet  very  ansatttbetortlj 
investigutiHl.  .\t  times  it  is  increased  in  size,  but  not  alwsji ;  ami 
there  is  nuiliing  constant  in  regard  to  its  colour  and  consist«DOaL 

The  lymph  glands  are  often  enlar^'ed,  and  can  be  felt 
the  skin.     Thow  of  the  musenlery  are  frequently  of  constd«nblo 

The  abdominal  sympathetic  has  b«en  described  as  baing  fibciMlj 
and  the  nerves  in  the  ganglia  atrophied,  but  not  as  a  eoMtunt 
fence. 

The  urine  is  sometimes  albuminous,  but  do«s  not  pnaeiit  tbs 
characters  of  hseinoglobiuuria. 

The  author  has  several  tiroes  met  with  a  peculiar  soft  lig^ht-green 
coloured    tumour   situatod    in   the    anterior   mediastinum, 
attaclK'd  to  the  jiosterior  aspect  of  the  sternum.     It  had  all  th"  »f 
ance  of  a  round-cell  sarcoma,  but  had  a  quite  remarkable  gr< 
(chloroma).    Similar  tumoiu^  have  been  described  of  lul«  by  \S  :ii<ui 
(No.  13,  xci.  1K8.3,  ]).  12),  who  also  speaks  to  its  mrity.     Uuber 
it  a  clil'iro-sairKiii.-i.' 

The  Bone  Marrow. — From  what  has  been  said  of  the  paitadps- 
tion  of  the  bono  marrow  in  hiemopoiesis,  it  may  be  sopposed  that  it» 
condition  in  this  disease  has  been  keenly  inquired  into. 

Fede  and  Pepper,  as  previously   mentioned,  soom  to  have 
the  first  to  draw  attention  to  the  morbid  api>eanuicc  it  prvsenfii 

<  ror  rnrthar  Infomutlon  r«f«r  to  Durui'l  Pardel  (Ko.  iU,  ti.  l«j<t,  |t   IMX 
(Kq.  107.  1S5I,  |>.  385),  auil  llmlfour  (No.  1»,  xU.  1834,  |i.  41V 
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many  cases.  The  Litter  described  the  Vjouc  marrow  as  having  a  dark 
red  colour  like  a  fresh  blood  coagulum,  and  as  contjuning  besides 
blood  coqmscles  numerous  granular  cells  with  large  nuclei. 

It  was  Cohnheim  {loc.  cil.),  however,  who  signalised  the  fact  that 
there  are  numerous  immature  coloured  corpuscles  within  it.  "  At  the 
first  glance  through  the  microscope,'  he  wrote,  " onw  could  distinguish 
red  nuclc'utoil  celln  of  various  sizes,  and  elliptical  or  spherical  in  shajje." 
He  also  found  numerous  ordinary  mfdidla  cells  (leucocytes)  and  poly- 
nucleaied  ijuinl  cells  ,•  whiie  the  blood  corpuscles  within  it  were  of  various 
dimensions,  the  smallest  of  them  of  the  diameter  of  mature  coloured 
blood  corpuscles. 

The  alterations  uict  with  in  it,  as  a  rule  appear  to  be  essentially 
those  described  by  Cohnheim — a  prepondenirice  of  immature  coloured 
blood  corpuscles  causing  a  swelling  and  unusually  intense  red  colour. 

In  many  instances,  however,  the  bone  marrow  has  been  asscrteti  to  be  quite  sound. 
Eichorst  (No.  241,  p.  279)  makes  the  remarkable  stateineut  tliiil  in  till  the  canes 
which  caiue  under  his  notice  the  bone  marrow  was  healtliy. 

Neumann  (No.  43,  Jolirg.  xiv.  1877,  p.  685)  and  Eiclmrst  (/m'.  eii.)  are  at  one  in 
■uppoaiug  the  lesion  of  the  bones  to  be  lecondar}'.  Neuiimim  says  there  is  uothiug 
to  show  that  a  tenion  such  as  that  described  by  Cohnheim,  is  tlie  cause  of  the  diseaae. 
The  lesion  of  the  bone  when  it  is  present,  soema  to  be  very  much  the  same  as  that 
found  in  medullary  leucocytheemia. 

Hsmoirhages. — Another  feature  of  the  disease  is  that  of  the 
punctiform  bspiuorrhagea  in  various  part«  of  the  body,  most  commonly 
on  the  serous  membranes  covering  the  lung,  heart,  and  aWominal 
viscera,  and  in  the  pin  mater  and  retina.  Their  cause  is  as  yet  un- 
determined, but  in  all  probability  they  may  be  due  to  the  altered  com- 
position of  the  blood  hindering  a  free  circulation,  together  with  the 
tatty  condition  of  the  terminal  vessels. 

Etiology. — On  this  aspect  of  the  disease  our  knowledge  is  still 
very  deficient  There  is  doubt  as  to  whether  in  reality  the  morbid 
state  of  the  bones  is  to  be  regarded  as  of  jtriniary  or  of  secondary 
significance.  Wo  knuw  pretty  surely  where  the  coloured  corpuscles 
como  from  in  health  ;  wo  know  that  the  corpuscles  in  this  disease  are 
deficient  in  number,  and  not  in  colour ;  l>ut  what  we  do  not  certainly 
know,  is  whether  the}'  fail  to  be  generated,  or,  being  generated,  how 
ihcy  are  subsequently  destroyed. 

The  latest  researches  are  in  favour  of  their  being  destroyed  after 
being  formed.  The  author  has  taught  for  many  yeai-s  that  they  are 
probably  dissolved  by  some  morbid  product  within  the  blood.  Hunter 
(No.  59,  Sept  2-2,  29.  and  Oct  6,  I8S8;  and  No,  371)  makes  out 
that  this  product  is  of  a  cadaveric  nature,  and  is  alisorbed  from  the 
intestinal  tract  The  destruction  of  the  corpuscles  takes  place  in  the 
branches  of  the  portal  vein,  and  hence  the  liver  contains  a  laige  excess 
of  iron.  The  presence  of  hieinoglobtn  in  the  urine,  as  in  other  forms 
of  blood-destruction,  is  not  a  feature  of  tliis  disease,  because  the  liver 
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evidently  arrests  the  products  of  dcfitruction  and  thits  hindtni 
entrance  into  tbe  general  circulation. 

Un<]cr  this  headiug  it  may  Vw  n>iiiark»l  (let  the  atAteiiirnt  be  Htkea  for  ' 
worth)  thnt  Kratikeiihauscr  (No.  50, 1883,  xxl  p.  49)  has  detK-ribeU  a  ■mmll 
orifaniBm,  onr-tenth  (tart  tbe  li.Mi)^th  »f  the  long  ilinnietpr  of  a  lilooil 
4i-vt'ral  iiiNtances  of  pcrniciuua  ainemia  occurring  in  |iiier|icnil  woinvu.     Ha  Km  I 
these  orgnni!iin»,  hu  tAyt,  in  tla-  blood  uf  all  {lUeriientl  wnnMn  aSMag  timm  f*^ 
liidotis  aim-tiiin,  but  tiut  ill  othrr  imerperal  women. 
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NOMESCLATVIIE  AND  HISTORY. 

433.  On  October  19th  of  the  year  1845,  BenneU  of  Ediabai(k 
dnerilKHl  (No.  \'J,  Ixiv.  |i.  413)  under  the  title  of  "Can of  Hy|ieitiop[^ 
of  the  Spleen  and  Liver,  in  which  Death  took  place  tnm  8u|i|Rirati(Hi 
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of  the  Blood,"  a  very  remarkable  aiae  in  which  he  had  examined  the 
body  after  death — a  case  unlike  anything  else  wiuch  had  been  jmblished 
up  to  that  time.  It  occurred  in  a  man  aged  twenty -eight,  and  was 
characterised  by  great  enlargement  of  the  liver,  spleen,  and  lymphatic 
glands,  along  with  an  excess  of  colourless  cells  in  the  blood.  Bennett 
in  a  lat«r  work  named  the  disease  "  Leucocythsemia  "  (An-jcos  white, 
KvTWi  a  cell,  nTpi  blood). 

The  facts  of  this  case  recalled  to  Cniigie,  at  that  time  physician  to 
the  Edinburgh  Royal  Infirmary,  the  clinical  history  and  jmt  mortem 
examination  of  another,  a  man  in  whom  he  had  foiuid  the  same 
appeanirices  after  death,  and  in  which  Dr.  John  Keid,  then  prosector, 
made  out,  that  the  "  blood  of  the  veins  of  the  abdomen  and  sinuses  of 
the  brain  .  .   .  contained  globules  of  purulent  matter  and  lymph." 

In  November  of  the  same  year,  Virchow  published  (No.  245,  1845, 
November,  No.  780)  the  record  of  a  similar  ciise  in  a  female  aged  fifty 
under  the  title  "  White  Blood  "  {"  Weisses  Bhit").  He  stated  that  by 
this  term  he  meant  a  condition  in  which  "  the  proportion  between  the 
red  and  coloiuless  (white  when  in  mass)  corpuscles  was  reversed, 
without  an  admixture  of  foreign  chemical  or  morphological  elements 
being  recognisable.''  In  this  case  the  sjileen  was  about  a  foot  long, 
very  heavy,  dark  brownish-red  in  colour,  and  hard  and  friable ;  while 
the  heart  vessels  contained  yclIowish-grcen  masses  which  in  great  part 
consisted  of  colourless  corpuscles. 

These  were  the  ca-ses  which  first  drew  attention  to  the  disease,  and 
as  will  be  perceived,  Bennett  had  the  merit  of  prioiity  in  publication, 
although  tlie  di.scovery  of  the  disease  may,  to  all  intents  and  purposes, 
be  said  to  have  l>een  made  simultaneously  and  independently  by 
himself  and  Virchow.  Virchow  named  the  disease  "Leuka?mia" 
(white  bloo<l),  and  claims  that  he  was  the  first  to  indicate  the  true 
nature  of  the  disease,  Beiuiett  having  described  it  primarily  as  a 
tvppwaiion  of  the  blood. 

In  Bennett's  later  works  on  the  subject  (No.  280,  xiL  and  xiii. 
1851  ;  and  Ibuf.,  xiv.  18r)2),  he  gave  up  the  old  idea  of  the  disease 
being  a  suppui-ation  of  the  blood.  He  criticised  Virchow's  designation 
of  "  Leukajmia "  adversely,  in  that  the  term  was  more  applicable  to 
lipomatous  blood  than  to  this.' 

VARIETIES  OF  THE  DISEASE. 


Leucocythsemia  v,  Leucocytosis. — The  name,  therefore, 
historically,  did  not  merely  signify  an  increase  of  leucocytes  in  the 
blood,  but  an  increase  which  is  as-sociated  with  this  permanent  enlarge- 
ment of  the  spleen  and  lymph  glands,  and  which  leads  to  an  invariably 

'  For  tt  rurtli«r  iiccouut  of  Benuett's  observations,  couatUt  hU  work  on  Leucoqftiaimia 
Of  white-erll  lUiiod  in  Reluticii  to  Utt  Phyxioloffi/  and  Pathology  of  the  LymphoHe 
Olanduiar  Syatrm,  K<linbargh,  1S52.  Vireliow's  various  moDograph*  ore  contained  in 
tii«  Ottamtiulte  Abluuuilungen,  tut  wisKntdu^lichen  Utdkin,  1$62,  pp.  149-218. 
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fatal  issue.  A  mere  increase  of  a  temporar)'  nature  in  the  nwnber  orf 
colourless  corpuscles,  unnccompanied  by  the  splenic  tumour,  gcoenl 
enlargciuent  of  the  glands,  or  dmease  of  the  Iwne  marrow,  is  Icaotm  ■* 
a  leucoc}rtosis. 

Leucocythzmia  and  Disease  of  Bone  Marrow.- 
Bennett's  and  Virchow's  discoveries,  however,  it  has  been  foood 
occasionally  a])crtiicinusform  of  increase  of  the  Ieiicoc}-t««  in  tbe  bload 
is  mot  with,  iii  which  neither  the  lymph  glands  nor  th«  aftlAMi  tn 
enlarged.  Cases  of  this  kind  have  been  recorded  by  Virehow  (Na 
129,  p.  199),  HeschI  (No.  13,  1855,  p.  353),  and  Behier  (Na  150. 
1869,  xcix.  p.  100),  and  in  many  of  them  it  is  most  prohuMjr  the  1mm 
marrow  which  is  :\t  fault.  To  this  variety  tbe  name  rayelo^enoos 
leucocythaemia  is  a)i]ilied.  Neumann  was  a  strong  uph<>hl«r  vl 
the  doctrine  that  the  hone  marrow  is  always  disMMd.  Thia,  how- 
ever, is  not  80.  Numbers  of  cases  have  been  recorded  of  late  yearn 
in  which  the  bone  marrow  was  quite  healthy. 

Leucocythxmia  and  Disease  of  Lymph  Glands. — A  tUni 
variety,  lymphatic  leukzmia,  w;i.s  admitte<l  by  Vinhow  (Na  IS, 
V.  1853,  p.  83),  in  which  the  lymph  glands  seem  to  have  baen  Uw 
starting  point  of  the  disease,  and  in  which  the  spleen  was  Utile,  if  at 
all,  involved.  Such  cases,  however,  are  rare,  the  enlargement  of  ihe 
lymph  glands  being  usually  associated  with  that  of  the  spleea, 
especially  in  the  later  stages  of  the  disease. 

Leucocythzmia  and  Disease  of  Intestinal  Follicles. — X 

fourtli  vuriety  ha.s  been  ulludeil  lt>  by  Vircliow  (/<v.  cit.)  and  Behier 
{lix.  ril.),  ill  wiiich  an  enlargement  of  the  lynipli  follicles  of  tbe  intastia* 
is  the  most  prominent  lesion. 

The  splenic,  lymphatic,  and  bone  lesions  are,  however,  oiiea 
simultaneously  present^  and  the  (juostion  may  well  be  aaked,  whetlMr 
these  varieties  of  the  disease  can  be  classified  as  eepwmla  fonw 
There,  no  doiibt,  is  evidence  of  increase  of  the  colourless  corjHMdcB 
in  the  whole  of  them,  but  is  that  any  reason  why  they  sboold  Im 
associated  under  the  same  generic  designation  ?  Increase  of  Ike 
colourless  corpuscles  occurs  from  a  host  of  different  causes  ;  hut  no  mm, 
after  haWng  seen  a  case  of  true  splenic  UufDcytheeinia^  would  ever  ooa{ils 
the  disease  with  anything  else.  The  characteristic  enlargement  of  (bs 
spleen  followed  by  that  of  the  I^inph  glands,  the  enormous  exoess  of 
colourless  corpuscles,  the  diminution  of  the  red,  the  peculiar  a«])«ct «/ 
the  patient,  and  the  lymphoid  deposits  in  other  organs,  surely  fonn  s 
clinical  picture  which  marks  tbe  disease  out  as  something  per  $e. 

It  may  lim  b«  briefly  it&ted  that  Jaccoud  and  I^hMlte-Iiigniv*  (No,  911^  BL 
1^75,  pp.  'i03-404),  baaing  ilieir  ooDchwioiu  on  Ranx-ier'a  ida*  of  tha  lliilrinstHj  tt 
IjrniphadoDoid  turoe,  wiicrwer  met  with,  rlaanfy  Udcoc/tluuttic  li  lem  tnm  a 
pur»I>  jMiAtdo^ieo  amatomicHl  ntand point  Tbcy  go  on  th*  aaMUDptioii  Uist  tht 
praaancs  of  lyraphailenoid  tiwuo  (Hii)  in  the  tma  criterion  of  tba  diaa^M^  aad  ikat 
this  tivoa  may  be  foand  in  rariouii  porta  of  the  body  acoording  te  drcMMtauBl 
\  and  od«Hia  are  reK&rded  by  tb«m  ••  id«&tkal  diaaaata,  that  la  Xo  mj, 
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they  arc  the  exprearion  of  the  SAme  mftkcly  whicli  they  c&Il  the  lymphogenous 
diathesis.  There  may  he  oxcesa  of  leucocytes  in  the  blood  or  not.  Tlioy  rci  ugiiiso 
(1)  a  lymph -glandular  fonn  with  concomitant  lencocytosisor  not ;  (2)  a  splenic  fonu 
combioed  witb  the  former  or  not ;  (3)  an  intestinal  Ibrm  ;  (4)  an  oaiieonB  or  niy«lo- 
genous  ;  (5)  a  cutaneous  form  ;  and  (6)  a  tonaillaT  or  pltaryngeal  form. 

GENERAL  VITAL  PHENOMENA. 

Apart  from  the  physical  signs  produced  hy  the  alteration  in  size 
and  structure  of  the  diseased  viscera,  there  are  others  which  may  be 
briefly  alluded  to.  The  disease  commences  i)isi(U4Hu4y  and  without 
any  evident  predisposing  cause.  The  patient  becomes  ann^mic,  breath- 
less on  occasions,  and  i.s  affected  with  extreme  muscular  la.ssitnde.  He 
falls  off  in  flesh,  night  sweats  come  on,  and  he  becomes,  day  by  day, 
weaker.  Hannotrha^es  into  the  retina  are  frequently  found,  and 
vlcfration  of  the  tjnins  is  an  occasional  symptom.  Pain  in  llu"  bintfs,  on 
pressure,  has  been  sijrtudised  by  Mosler  (No.  13,  Ivii.  1872,  p.  532)  as 
a  frequent  symptom,  and  has  been  associated  by  him  with  a  characteristic 
lesion  of  the  bone  mairow.  I^/jiiphoid  tumoura  occasionally  apfioar 
u{K)n  the  skin  (Biosiadecki,  Ranvior,  Malassez,  and  Debove).  They 
seem  to  be  composed  of  the  same  kind  of  lymplioid  tissue  as  that  found 
in  other  organs  enshcathing  the  small  blood-vessels.  The  patient 
iisuall)'  dies  in  a  state  of  nsllieniii,  but  sometimes  the  fatal  issue  is 
brought  about  by  an  intercurrent  attack  of  pericarditis  or  pleurisy,  or 
occurs  from  a  cerebral  haemorrhage. 

Tiie  mnh  sejt  is  much  more  frocjuently  affected  than  the  female,  arul 
the  individual  is  ii.sually  well  up  in  years. 


CHEMICAL  ANALYSIS. 

Scherer  (No.  119,  ii.  325,  1852)  was  one  of  the  first  to  make  a 
chemical  analysis  of  the  blood  in  this  disease,  and  found  lii/pomnUiin 
(sarcine),  lactic  acid,  formic  acid,  arelie  ticid,  and  (wu  hdits  allitd  to  <jela- 
tine  together  with  uric  acvl  and  leiuin  present. 

[  Hosier  .iiiil  Kiirncr  (No.  13,  xxv.  1862,  p.  142)  diseovert-il  the  presence  of  hypo- 
Ithin  in  the  urine.  They  i-oneludeil  that  there  was  a  protlmtiori  of  hypoxanthin  in 
en,  in  the  splenic  Imt  not  the  lymphatic  form,  and  eansequently,  an  «x<x^  of 
ttflb  {Im  blocHl,  transndationis,  and  secretions.  'ITiey  regardeil  its  presence  na  a  diag- 
nostic sign.  .TaculMisch  (No.  13,  xliii.  1868,  p.  196)  carefully  examined  the  nrine  from 
two  females,  twenty-three  and  thirteen  years  old,  suffering  front  aplenie  leukiemia,  with 
the  result  that  ho  was  also  able  to  detect  the  presence  of  hyiwxauthin  iu  itas  well  as 
in  the  transudatea  of  the  serous  cavities.  He  finds  that  other  foreign  ingredients  are 
Dot  present  witli  anything  like  regularity.  Kanke  (No.  246)  made  out  that  the 
relative  and  absolute  amount  of  uric  acid  in  the  urine  wag  increased. 

From  2500  grms.  of  liver  ti.siiuc  taken  from  a  leukicraic  patient,  Salkowski  (No, 
13,  Ixxxi.  1880,  p.  166)  was  able  to  extract  a  pfjitone-lihe  xuhiUanv  in  great  quantity, 
together  with  1'718  grm.  tyrosin,  0'864  grm.  Inicin,  0'2426  grni.  hi/poxanthin,  other 
ranthin-tike  bodies  0'538  grm.,  and  small  quantities  of  mieeime  aeid,  but  no  uric  acid. 
He  says,  however,  that  the  aignilicanco  of  these  bodies  is  vitiated  by  the  want  of 
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ezteiulTe  enough  rmcorchea  in  health  and  diacue.  Peptone-like  hodiva,  b«  NflMltK 
hnd  not  hitherto  hetn  isolated  front  the  liver,  but,  potsibly,  this  nuay  \m  daa  to 
their  not  having  t>e«n  (1ili>;<ently  cuough  sought  for.  TyrtMiu  in  luet  iritii  in  namkot 
of  other  diBcauvs,  and  hence,  cannot  be  regarde<l  aj)  of  s|>ecial  ini|«irt. 

Salomon  (No.  187,  ii.  p.  65),  has  drawn  attention  to  the  pntilacttaa  of  ^^Y*^ 
XAUtliin  ill  tlie  blood  (tfltr  dteUh  ;  and  the  «uppo«ition  tliat  it  i»  a  pett-mmitm  fi^ 
<luct  miglit  nt  leiiat  {(sin  aapport  from  the  aual/ai*  by  Bwlcendahl  and  Ltadvikr 
(No.  13,  Ixxxiv.  1881,  |i.  5fll)  of  a  leucooytlueniic  8]ileeu  excined  by  ITbiiHW Ii.  «• 
hour  after  rcmo\'aL  The  apleeu  weighed  3250  gnu. ,  and  of  thia  lJi«y  took  UOO  pm. 
to  work  tiiion.  A  piec«  of  the  isme  wa«  itiimediAtcly  t«atcti  for  glyeogm,  tat  wUk 
negative  re^alts.  They  found  tyrosin  to  bo  abiM-ut,  leucin  in  comiilrrsliU  qaurtit}, 
;xr;>fuiic  tothe  extent  of  ll'fi  grm.,  ladie  acid  0\6Sf(na.,  uidtti'-  'OSfgnL 

Hy{>oxanthin  and  uric  acid  were  not  found,  and  they  look  uixu.  :... —  i<aiBtii^ti 
ita  production  after  death.  It  ought  iu  justice  to  be  addmi,  liowcTer,  Uiat  Millar 
was  it  found  in  tlii«  case  in  the  liver  after  death,  which  oecurml  iLx  boan  tttn  tkt 
time  of  |.ierformance  of  tho  aplenotoniy,  nor  in  tJie  various  tniii»udat«a. 

Tyrosin  and  leucin  were  abundant  in  the  liver,  and  in  tti«  blood  cffuaad  iats  tW 
abdomen. 

There  wa«  no  (teptuiie  in  the  (wricardial  fluid,  which  was  alio  6ce  from  M*|«Hfai: 
aud  they  tliink  thut,  when  prvsent,  it  may  hv  l>ound  up  with  the  coIoaHaa  fV- 
pusclea  uf  the  )iluo<i. 

It  is  ]>ossible  that,  aa  it  prevents  ooagulatiou  (Sect.  978),  the  aevara  I 
which  souietimfs  occur  iu  tho  diseaao  may  he  duo  to  it. 

Albukalin.— Reichsnlt  (No.  S48,  pp.  389,  393,  1870)  haa  reportol  th« 
of  an  azotised  smbstance  iu  the  dried  rvsiduc  of  the  Mooil  itimilar  iii  cumptMitiia  to 
albukftlin  (C^HgNO,).  and  for  which  ho  has  provitionally  iidopt«Ni  tUa  mmm. 
Albuknlin  was  furmerly  described  by  Theils  (No,  248,  ir.  p.  172,  IM7)  UApotet 
of  decom|>asitiou  nf  allrumin. 

Charcot- Robin  Crystals. — \V7icn  leucocj'thnnuc  blood  UaUcnred 
to  stand  for  a  few  hours  or  days,  or  when  the  organs,  mora  mfttuUf 
the  spleen  und  bones,  are  exposed  to  the  atmosphere,  a  ntnnbw  of 
crystals  gather  on  the  surface,  alx>ut  n'liose  composition  then  aaeai 
stUl  to  be  some  dilTereiico  of  opinion.  The}'  were  first  d«aeiilMii  bj 
Charcot  and  Robin  in  tho  year  1853  (Na  94,  v.  1853,  pp.  44,  49^ 
and  since  then,  have  1>eetk  the  subject  of  inTestigatton  hy  WaQam 
(No.  250,  Ap.  1855),  Cliarcot  and  Vuli>ian  (No.  251,  1860,  p.  7MV 
Neumann  (No.  14,  ii.  18GC,  p.  507,  and  elsewhere),  and  BUBJT 
others. 

On  sui)«rficial  scrutiny  they  appear  to  be  delicate,  regularly  fonacd, 
colourless  and  shining  crystals,  and  when  more  closely  examined  tbcy 
l>ecome  resolved  into  elongated  octohcdra.  Neumann  stated,  that  tltfT 
wore  insoluble  in  cold,  but  were  readily  dissolved  in  hot  w»t«r,  ud  k 
never  succeeded  in  recrystallising  them.  Alcohol,  ether,  and  clJar»^ 
form  did  not  affect  them,  nor  did  glycerine.  Acetic,  tartaric,  uti 
phosphoric  acids  rapidly  dissolved  Uiem  ;  and  hj'drocUloric  and  nitric 
acidfik,  when  dilute,  but  not  when  concentrato<L  Sulphuric  acid,  wbea 
very  weak  or  very  strong,  destroyed  them.  They  reaiated  putrefaetuw, 
and  after  three  weeks  were  abundant 

They  are  never  obeorved  in  the  blood  during  life. 
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V         Its  reaction  is  said  to  be  acid  (Scherer),  owing  to  the  acids,  before 
mentioned  as  found   on   analysis,  namely,  formic,  ncetic,    and   lactic. 

^lts  8{>ecitic  gravity  has    been   almost   invoriabl}'   below   the   normal 
(Bennett  and  Robertson). 
Wlien  withdrawn  from  a  puncture  it  has  a  grajish-re<l  appearance, 
which  becomes  more  marked  after  standing,  so  that  in  some  cases  a 
pus-like  surface  may  gather  upon  the  drop. 
\Vhen  seen  after  death  in  the  heart  and  large  vessels,  it  sometimes 
naemblcs  the  contents  of  an  abscess  cavity  (Yirchow),  and  often  con- 
tuns  soft  grayish-yellow  coagiila,  especially  in  the  right  ventricle  and 
pulmonary  artery.     The  blood,  when  removed,  has  a  dull  giayi»h-pink 
appearance,  and  when  it  is  allowed  to  stand  in  a  tail  vessel,  a  purulent 
layer  gathers  on  the  surface.     The  whole  of  the  colourless  corpuscles, 
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however,  do  not  rise  to  the  surface.  It  has  a  peculiar  mawkiih,  {n§> 
like  odour  in  some  cases,  which  is  also  common  to  the  whole  o(  tlta 
viscera.  The  number  of  leucoc}'te8  proportionally  to  the  red  tor- 
puscles  in  normal  blood  may  be  stated  at  from  1  :  350  to  1  :  500 
(1  :  422  down  to  1  :  81 1,  Halla).  In  leucoc3'tIia?mia,  they  mar  b«  of 
equal  number.  This  ta  brought  about  in  a  two-fold  manner,  fintly,  br 
a  diminution  of  the  red,  and  secondly,  by  an  addition  to  the  number 
of  the  colourless.  In  a  case  related  by  Toenniessen  (No.  253  ;  tet 
Penxoldt,  No.  43,  1881,  xxxii.),  where  they  were  counted  by  Ilayem'i 
apparatus,  the  red  sank  as  low  as  705,000  per  cu.  mm.  The  ookmriMi 
corpuscles  vary  in  size,  some  of  them  being  smaller  thao  thow  of 
health,  and  possessing  a  single  nucleus  ;  hut  the  majority  ar»  lai]gw 
and  prominent  objects.  The  small  corpuscles,  aa  previously  meDtion«d, 
were  considered  to  be  more  frequent  in  l^inphatic  leuki^mia.  It  ii 
said,  that  they  do  not  exhibit  amceboid  movements  (Laking,  KJein, 
Cavafy),  a  statement  which  is  probably  true  of  some  of  them.  The 
coloured  corpuscles  are  not  only  diminished  in  number  but  sometimef 
there  is  a  large  proportion  of  microcytes  among  tliero.  Henck  (No. 
13,  Ixxviii.  1879,  p.  475)  gives  the  history  of  a  case  in  which  «  abort 
time  before  death  lai^e  numbers  of  these  suddenly  made  their  appear- 
anca 


THE  nSCERA. 

Spleen. — The  organ  is  ver}*  much  enlarged,  and  may  aceapj  < 
whole  of  the  left  side  of  the  abdOmen.  Its  weight  may  run  up  to  beti 
16  and  18  Iba.  The  diaphragm,  or  some  surrounding  viacaa,  t«  bjr 
means  infrequently  adherent  to  \U  It  is  notched  anterioriy,  a 
nostic  sign  of  considerable  importance.  The  capsule  ii 
considerably  thickened,  more  particularly  on  its  ont«r  MpMt. 
section  it  has  a  dull  gray,  greenish-gray,  or  reddish-brown  ooloar, 
the  surface  may  appear  aa  if  in  a  state  of  diffuse  suppuration.  The 
o<lour,  Ijeforo  referred  to,  is  particularly  strong  in  this  or;gan. 
consistence  is,  however,  firm  and  unlike  that  of  on  organ 
disintegrated  by  suppuration.  The  Malpighian  bodies  have 
found  abeent  in  all  the  cases  which  have  come  under  the  pefMoal 
notice  of  the  author. 

Of  littecn  ease*  in  irhich  the  ipleen  was  fonnd  t«  be  enUrgod,  BcbimU  (Na  tt4i 
recorded  that  it  wei(;he«l  above  9  Iba.  ib  8 ;  abore  6  lbs.  in  2  ;  abaTe  S  Ifaa.  la  1 ; 
•hore  2  lbs.  in  t ;  and  nearly  1  lb.  in  I  raae.  In  4  t*»m  it  wu  not  wcigkad.  TW 
gTMteet  meamrrmenU  were  10|  in.  long  by  0)  in.  broad. 

In  Mine  of  them  the  texture  was  denie,  in  othen  aatanl,  and  ia  a  tkM  diifc 
more  or  lew  nuft  and  pulpy.  In  a  bw  tnitanoea,  he  daMiribea  y«Uov  !■■■■■  of  4» 
gnaxated  tivne,  eridently  infarctions. 

Mierouopic  SIructurf.. — In  the  most  characteristic  casca  of 
thamia,  it  appears  almost  aa  if  the  lymph-adeooid  ■tnieUira  of 
Malpighian   body  had   extended  throughout  the   whole  orgtn,     h»' 
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substance  is  literally  crammed  with  colourless  cells,  w-ith  only  a  very 
delicate  reticular  stroma  between  them.  The  tissue,  in  fact,  looks  like 
a  lymph-gland  in  a  state  of  inflammation. 

The  sinuses  appear  to  be  all  destroyed,  and  the  coloured  blood 
corpuscles,  which  ought  to  be  present  in  the  pulp,  are  almost  absent 
Blood  pigment  is  described  as  of  occjisional  occurrence,  but  is  not 
invariably  present. 

Bones. — In  those  cases  where  the  bone  marrow  is  diseased,  the 
lesion  seems  to  be  of  two  kinds.  In  one  class  of  cases  the  marrow 
of  the  short  bones  is  swollen,  red,  and  congested ;  in  another,  again, 
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Fin.  18S,-— LkdoocttbjKXIC  Stucem  (xSOO  Duhs.) 
"(a)  Tnbeenla ;  (b)  laocncytei  lUUng  the  raUoular  Omat  (c).    (HnmBtoxylene  uid  Fknmota'  Klutton.) 


it  is  pale  and  ansemic,  and  of  a  pumlent  aspect,  as  in  suppurative 
osteo-myelitis,  Although  the  morbid  appearances  arc  most  evident 
in  the  short  and  flat  bones,  yet  those  which  are  hollow  are  not  exempt. 

In  a  eaao  of  lienal-lyiii[il)atic.niyelogi*nou8  leukii-mia,  ik'scril)ed  liy  Ponfick  (No. 
IS,  Ixvii,  1876,  p.  36"),  the  niediilU  of  tho  ribs  was  found  to  he  very  pale,  pure  gray 
oolonred,  or  puiaing  into  a  grayUh-red,  aud  of  soft,  almost  dittlueut,  consistence. 
Both  tibiffi  were  much  enlarged,  and  the  medullary  tissue  projected  from  the  spaoea 
in  th«  ipongiosa.  The  colour  of  the  medulla  of  the  epiphyses  was  gmyish-red,  while 
the  immediately  adjacent  jmrts  of  the  diaphyses  were  of  a  tiark  red  or  violet  hue. 

In  a  second  case,  he  dpscribes  the  Ixines  as  well  shaped,  and  tbo  incJuUa  of  the 
sternum  as  of  a  violet-red  colour,  and,  in  consistence,  very  much  like  splenic  pulp. 
The  medulla  of  the  ribs  was  highly  develo[tcd,  of  a  jwile  grnyish-red  colour  and  very 
soft,  while  the  cortical  part  was  thin.  Tliu  medulla  of  the  diupliyses  of  the  tibi«e, 
as  well  as  their  upper  epiphyses,  showed  a  delicate  gray-rod  to  a  violet  tint ;  while 
the  lower  epiphyses  had  a  sulphur  yellow  colour,  with,  here  and  there,  six>ts  of  a 
deep  red  hue, 

In  some  cases  the  sternum  may  yield  a  pus-like  liquid  on  pressure, 
its  cancollous  spaces  being  distended  with  it,  and  their  walls  rarefied. 
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On  mieroscoine  examination,  the  marrow  U  found  to  be  engof)^  witk 
cells  of  much  the  same  character  as  those  met  with  in  health,  hat  a 
the  parts  which  are  gra}'  and  purulent,  the  number  of  coIooiioM  eelk, 
as  compiired  with  those  which  contain  hienioglohin,  laigelj  pK|io»- 
derates.  The  colourless  cells  are  of  various  sizes,  and  poMon  oae  or 
more  nuclei. 

Lymph  Glands. — Tlie  most  swollen  are  those  of  the  neck,  th» 
mesentery,  axilla?,  and  groins.  They  ])re«ent  an  iron  gray  cokxar. 
with  occasional  points  of  redness,  like  extravasations,  scattered  throo^ 
their  substance.  Small  nodular  masses  are  sometimes  seen  in  Umb. 
On  microscopic  examination,  their  tissue  is  found  to  be  cholcMl  wHk 
colourless  cell». 

Other  Organs. — The  lirfr  is  usually  much  enlarged,  and  ihroo^ 
out  its  substance,  as  well  as  in  that  of  the  luwjs,  kidnetft,  and,  oeCHIM- 
ally,  the  brain  (Friedlander,  No.  13,  bcxviii.  1879,  p.  363X  oain 
tumours,  almost  like  tubercles,  are  abundant  They  usaiJIy  rarr  in 
size  from  a  mustard  see<l  up  to  a  large  i>ea.  They  are  gny  and 
gelatinous,  and  of  round  siiape ;  and  are  piirtictdarly  abundant  in  tbc 
liver  am!  lung. 

Oitiiiion  diifers  as  to  the  nature  of  these  tumour- like 
Virehow  (No.  13,  v.  18.53,  p.  43)  held  that  they  are  to  U? 
as  of  the  same  nature  as  the  tissue  which  causes  the  euhugaBMOl  ci 
the  glands,  a  true  ItfmphwhnonuiUnia  dtpotU  ;  and  Ranvier  (Na  SAS,  fk 
^245)  has  done  much  to  lend  this  theory  support.  RisdflcMdl  (Xii 
256),  on  the  contrary',  looks  on  them  simply  as  areas  in/o  tMdk  Umeuflm 
hate  exuded  from  Uu  Unotl-vtiwls. 

Binozero  (No.  13,  xcix.  1885,  p.  378)  agrees  with  VirdMm  •» 
regards  their  nature.  He  says  that  karyokinetic  figures  arD  to  Im 
found  in  those  colourless  cells  which  constitute  the  tumoun,  but 
in  those  within  the  vessels ;  and  he  holds  tliut  they  must  the 
be  of  a  different  nature.  The  tumours  arc,  he  thinks,  new  fomatioaa^ 
of  colourless  blood  corpuscles,  or,  tis  Virehow  oxpremea  it,  "  a  kind  df 
new  lym]ih  gland  in  the  midst  of  an  organ  which  otherwiao  '•«a!«— 
nothing  of  thi-  kind." 

The  solitary  follicles  and  Peyer's  patches,  in  C4;rutn  ii 
arc  much  swollen,  and,  as  {previously  indicut€<d,  sometimes 
the  main  lesion. 

Tumours,  similar  to  those  of  other  orguuH,  are  occaaiioually 
upon  the  walls  of  the  respiratory   passages,  and   in   th« 
They  are  not  nearly  so  common  on  the  peritoneum  as  in  tuber 
although  cases  have  been  recorded  iu  which  they  were  present. 


ETIOLOGY. 

\Vlien  wo  come  to  the  etiology  of  the  diseaae,  difficulties  arise  on  aU 
■ide«.     la  tb«  condition  of  the  blood,  or  that  of  tlie  blood-fofaunf 
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viscera,  to  be  regarded  as  the  starting  jmiiit  of  tlie  disease  1  At  the 
present  day,  the  answer  will  be  almost  untversally  in  favour  of  the 
latter,  and  probably  rightly  so. 

Then  another  important  question  follows  the  soJution  of  the  fore- 
going. Granted  that  the  blood-forming  organs  are  at  fault  in  the  first 
instance,  what  is  the  nature  of  the  error  I  Do  they  throw  off  an 
excess  of  leiicoiytes,  or  do  they  simply  fail  to  convert  those  which  are 
circulating  through  them  into  coloured  l)Iood  corpuscles  ? 

The  rejily  in  this  case  must  be  regarded  as  uncertain,  but,  all 
things  considered,  is  in  favour  of  the  latter  view.  Not  only  are  the 
colourless  corpuscles  more  abundant  than  in  health,  but  the  coloured 
arc  decreased  in  luimber.  We  have  seen  that  the  jirobable  function 
of  the  spleen  and  bone  marrow  is  to  impregnate  the  kucocyti's  with 
hsemoglobin,  and  to  bring  about  the  other  transformations  necessary  to 
convert  them  into  the  homogeneous  noii-nacleated  hwmocytes. 

In  this  disease,  the  spleen  and  bone  marrow  become  loaded  with 
leucocytes,  but  the  means  for  their  metamorphosis  is  evidently  not 
forthcoming.  The  organs  which  should  secret*  the  hjeraoglobiti  fail  to 
]>erform  their  functions  properly,  and  hence  an  excess  of  untransformcd 
leucocytes  accumulates  in  their  interstices  and  in  the  circulating  blood, 
wliile  at  the  same  time  the  iiumlwr  of  colourt'd  corpuscles  necessarily 
sinks. 

This  seems  the  most  feasible  view,  but  it  should  be  rememl>cre<i 
that  other  theories  have  been  held  deserving  of  carefid  considenition. 

When  wo  inquire  still  further  what  it  is  that  inilits  these  organs 
for  the  discharge  of  their  pro]>er  functions,  wo  are  totally  at  sea.  Call 
it  a  neurosis,  or  what  you  will,  we  do  not  seem  to  be  one  step  nearer 
the  truth  in  this  resjwct  than  we  were  over  forty  yeai*8  ago,  when 
Bennett  and  Virchow  described  their  first  rases. 
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Leucocttosis. 

434.  Definition. — By  this  is  meant,  as  before  stated  (p.  509),  a 

mere  temporary  increase  of  the  colourless  corpuscles. 

Fallacy. — In  accurately  counting  the  leucocytes  contained  in  blood, 
it  is  necessary  to  take  the  blood  from  the  same  part  of  the  bodj,  and 
otherwise  to  ensure  that  the  conditions  as  to  time  of  withdrawid,  di«t, 
and  so  on,  are  as  nearly  as  possible  alike  in  each  obeervutiun.  Erroo- 
cous  results  arc  sure  to  be  obtained  if  these  points  are  not  attended  to. 

Thus  TarchnnotT  and  Swaen  (No.  4,  ii.  1875,  p.  324),  on  carefully  cottati^g  Iki 
whit«  coq>u»clr<i,  found  that  the  nuniWr  in  hlooil  taken  frotn  dilfitrsat  paitiof  iW 
body  waa  hardly  in  two  places  alike.  The  blood  of  tho  inferior  tbyroM  aitaty  Ife  a 
dog  oontained  11,900  [ler  cu.  mm.  ;  that  of  the  jngnlar  vein  8000.  la  anothvAy 
than  nambera  were  augmented.  Ttieblootl  of  a  rollatvra]  branch  of  ibe  enual  ailij 
contained  4690  ;  that  of  the  crural  rein  8000  ;  that  of  tho  tibial  artory  IS:,SOO  ;  •*! 
that  of  the  jugular  rein  13,200.  In  order  to  test  the  otTect  of  obatmctad  ilii  iihlfaa 
in  the  hlooil  of  the  veinis  they  applied  a  ligature  to  the  crural,  and  in  a  few  noMMli 
tb«  blood  of  it«  i-ullateral  brauche*  conuiu«<l  18,700  colourlea»OQriraaeii&  fTiiiHw 
of  tbeariatic  nerve  incrfaaed  tho  number  in  the  cniral  rein  from  ASM  to  ICIML 
They  cont'ludcil  that  there  is  no  general  rule  aa  to  the  relative  nnmbcr  ot  1 
in  the  arterir*  and  in  the  veitia 


Conditions  under  which  it  occurs. — Age  makes  a 
able  ditr«*rence  as  regunlH  the  number  to  be  found  in  the  blood  (mm 
Sect.  373).  Loss  of  blood  also  increases  their  number.  A  treij 
marked  Icucocytosis  has  been  often  noted  in  dying  persons  aa  tiM 
o^ny  is  approached.  Litten  (No.  43,  Jahrg.  xx.  1883,  p.  409)  he* 
shown  that,  a  few  hours   before  death,  there   is  almost  always  a 
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sudden  accession  to  the  number  of  leucocytes  in  individuals  suffering 
from  various  diseases.  The  relative  number  of  colourless  to  coloured 
may  come  to  be  as  high  as  1  *5.  He  accounts  for  the  condition  on  the 
supposition  that,  either  the  colourless  fail  to  be  converted  into  the 
coloured,  or  that,  as  the  force  of  the  circulation  diminishes,  the  leuco- 
cytes accumulate  in  greater  numbers  in  the  peripheral  zone  of  the 
blood  column  of  the  small  vessels,  and  hence  escape  in  excess  vrhen 
these  are  punctured. 

As  previously  indicated  (Sect  367),  there  is  considerable  difference 
of  opinion  as  to  whether  they  are  increased  or  not  after  food ;  but  it 
is  pretty  generally  admitted  that,  as  a  rule,  the  colourless  corpuscles 
are  more  or  less  augmented  in  pregnancy,  t]rphoid,  tuberculosis, 
and  more  particularly  in  local  inflammations  and  in  pneumonia. 
The  increase  in  these  diseases  bears  no  direct  relationship  to  the 
intensity  of  the  fever,  although  their  number  usually  decreases  as  the 
fever  subsides. 

Number. — Most  recent  authorities  regard  them  as  diminished 
when  under  4000  and  as  increased  when  above  10,000  per  cu.  mm. 


435.  Although,  Btrictly  speaking,  diabetes  mellitus  cannot  l« 
sidered  jis,  radieaUy,  a  ilisease  of  the  blood,  yet,  seeing  th»t  the  iMter  ■ 
80  raucb  involved  duritig  the  coarse  of  the  malady,  it  nitty  perbapl  ht 
preferable  to  consider  it  under  diseases  of  the  blood  than 

NOMENCLATURE. 

I)iid>ete9  (ftinftaivm,  to  pass  over)  ia  described  as  of  two  kinds, 
diabetes  mellitus  and  diabetes  insipidus.  Where  the  urine 
charged  in  increased  quantity,  where  it  more  ur  less  constantly  oontaias 
grape  sugar  in  much  greater  abundance  than  in  health,  wh«rv  other 
bye  products  of  tissue  change  are  added  to  it,  and  where,  as  a  rula,  tiw 
diseiiNC  ultimately  proves  fatal,  the  condition  is  known  as  Diabetes 
mellitus. 

Diabetes  insipidus  is  the  term  employed  to  designate  a  nnple 
increjise  iu  the  <)H;intity  of  water  discharged  by  the  kidneya 

The  term  Glycosuria  or  Mellituria  is  that  oiiopti-d  to  expw 
the  temporary  presence  of  sugar  in  the  urine,  with  or  withoat 
of  water,  the  disease  not,  as  a  rule,  ending  fatally. 


HISTORY  OF  THE   FORMATION  AND  DESTRUCTION  OF  SUOA 
IN  THE  ANIMAL  BODY. 

43C.  The  starchy  matter  Uikcn  as  food  is  converted  by  the  rlu,MuV 
or  sugar-forming  ferments  contained  in  the  sidiva  (ptyalin)  and  {«o- 
creatic  juice  (amylopsin),  first  of  all,  into  maltose  (C,„Hj,0,,  +  H,0),  ( 
»  sugar  containing  one  molecule  of  water  less  than  glucoa©  (t-T-H^O,,), 
'ftnd  dextrins.  The  maltose  is  subsequently  transformed  by  tiie  int«»' 
tinol  juice  into  glucose  or  g:rape  sug^ar.  This  grape  nigar  is 
almost  completely  absorbed  by  the  jkhUI   vein,  not  by  tlie  Wt«al^ 
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and  is  carried  up  to  the  liver,  where  it  in  great  part  becomes  con- 
verted into  g^Iycogen.    Cane  sugar  is  similarly  converted  into  maltose. 

Acconling  to  Pavy  (No.  59,  188.1,  i.  p.  776),  a  quantity  of  the  maltose  and  dex- 
trin is  absorbed  as  such  by  the  portal  v*in,  and  makes  its  way  up  Jo  the  livur,  where 
it  is  tmnsformod  iuto  glycogen.  He  fouml  that  dextrin  of  low  cupric  oxidd  reducing 
power  was  converted  into  glytogt-n  whfn  brought  into  contact  with  liver  and  blood 
ontsidv  the  body.  The  greater  part  of  it,  however,  iijiparently  first  becomes  trana- 
formcd  into  grape  RUgar. 

The  dextrins,  according  to  the  Hune  authority,  are  of  various  kinds,  and  are  dis- 
tinguished by  their  optical  pro[icrt]cs,  and  by  tlirir  power  of  reducing  cuprio  oxide. 
From  the  colloidal  principle,  stnrch,  which  has  no  cupric  reducing pmjiertiea,  dextrins, 
poHoaring  increasing  cnpric  reducing  jKiaer,  aru  obtainabk-  by  tlie  uction  of  ferments, 
BtU  maltOM  is  reached,  vrhich  conatitute,s  the  tinol  protliiot,  and  which  posseases 

out  half  the  reducing  power  of  glucose. 

If  tlie  grape  sugar  is  absorbed  rapidly,  as  when  a  large  quantity  is 
taken  into  the  stomach  of  a  previously  fasting  indivitiual,  a  certain 
portion  makes  its  way  directly  into  the  blood,  and  if  the  quantity  thus 
received  into  the  blood  be  in  excess,  it  is  excreted  l>y  the  kidneys. 

It  is  only  during  the  time  that  sugar  is  being  absorbed  from  the 
intestine,  that  the  i>ortal  blood  contains  more  sugar  than  the  blood  of 
other  parts  of  the  l)ody.  The  hepatic  vein,  at  other  times,  both  when 
an  animal  is  starved  and  when  it  is  fed  on  a  carbo-hydrate  diet,  contains 
more  sugar  than  the  portid  does  (Seegen,  No.  U>9,  xxx>'ii.  1885, 
p.  348). 

The  conversion  by  the  liver  of  the  grape  sugar  into  glycogen,  wa« 
named  by  CI.  Bernard  (No.  257,  2d  Ser.,  T.  iv.  1873,  p.  1155)  its 
glycogenettc  function. 

The  reason  for  thisi  conversion  of  the  sugar  received  from  the  intestine 
into  glycogen  is  obviously,  th.it  it  may  thus  be  stored  up  in  the  liver 
substance,  to  be  given  off  in  quantity  sufficient  for  the  requirements  of 
the  system,  but  not  in  such  excess  as  to  be  excreted  by  the  kidneys. 

Glyeogea,  according  to  Pavy  and  Ul>r^p-Besatlc^,  has  the  same  fonuola  as  starch, 
Dely,  C,H,,Og.  It  cati  lie  obtained  from  the  liver  by  dissolving  in  an  alkali, 
precipitating  the  filtei-ed  solution  in  iikoliul,  und  collecting  the  precipitate.  It  forma 
n  white  RuiorphouN  powder  free  from  nitrogen,  which  dissolves  with  opalescence 
in  water.  It  gives  a  bluisb-red  reaction  »vith  iodine  when  isolated,  but  a  brown 
when  in  the  tiasues  ;  and  is  converted  by  dilute  mineral  acids,  and  hy  the  diaatatic 
rermonta  of  saliva  and  of  the  pancreas,  into  a  body  or  bodies  ha^dng  the  same 
power  of  reducing  copper  aa  grape  sugar.  It  has  strong  right-sided  circuin polarisa- 
tion properties. 

Glycogen  is  found  not  only  in  the  liver  but  in  many  other  organs  and  tissues, 
such  as  the  kidney,  pancreas,  spleen,  brain,  the  plac«nta  in  embryonal  life,  muscle, 
cartilage,  and  blood  ;  but  is  mo.st  abundant  in  the  liver  and  in  muacle. 

The  starch  and  sugar  elements  of  the  food,  however,  cannot  be  the 
only  source  of  the  sugar  in  the  Mood,  because,  as  originally  shown  by 
CI.  Bernard  (No.  259,  troisi^me  leron,  p.  70).  it  is  found  that  the  blood 
contains  abundance  of  it  in  an  animal  fed  exclusively  on  ticsh. 
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Soegen  (No.  1 09,  xxxix.  1886.  p.  121)  states,  that,  in  dgfal  tiop 
which  he  fed  on  a  purely  flesh  diet,  the  sugar  of  the  Mood  of  tht 
earotid  artery  amounted  to  0*150,  that  of  the  portal  vein  to  0*141, 
and  of  the  hepatic  vein  to  0281  per  cent;  that  is  to  say,  the  bbal 
generally  contained  a  large  percentage  of  sugar ;  while  the  aayv  oi 
the  blood  of  the  hepatic  vein  was  greatly  in  excess  of  that  ia  tfcs 
systemic  circulation.  The  glycogen  ia  also  increased  in  the  lirer  wha 
the  dog  is  fed  on  a  flesh  diet ;  and  the  conclusioo,  until  quite  latdty, 
stood  unassailed,  that  it  is  the  glycogen  which  is  the  sole  eauM  of  Iks 
large  proportion  of  sugar  found,  under  this  diet,  in  the  bepatk  ^wm. 
As  shown  further  on,  however,  this  view  has  recently  been  mOad  a 
question. 

The  glycogen  ordinarily  present  in  the  liver  may,  tkerefoit^  b 
derived  both  from  the  ^prape  sugar  absorlied  from  the  inteatine  Mid 
from  pfptones.  In  the  latter  case,  the  albuminous  molecule  spiHs  ^ 
into  urea  and  a  carbo-hydrate  which  is  afterwards  reduced  to  ^MtBmt 
(Pav)). 

The  glycogen  which  has  been  stored  in  the  liver  is  next  given  off  ia 
small  quantities,  and  was  believed  by  CI.  Bernard  to  be  so  nfiSij 
reconverted  into  sugar  by  contact  with  the  blood  that  it  oouki  iant 
from  the  liver  only  in  that  state.  The  truth  seems  to  be  that  xkt 
conversion  takes  place  either  in  the  liver  or  in  the  blood  of  the 
vein,  and  is  effectecl  by  means  of  a  diastatic  ferment,  as  yet 
The  ferment  is  supposed  to  be  a  constituent  of  the  bloo<l,  and  prohak^ 
ia  contained  more  abundantly  in  the  blood  of  the  hepatic  arttvy 
in  that  of  the  portal  vein  (Brunton,  No.  209,  v.  1879,  p.  406^. 


It  is  only  ri^ht  to  add.  however,  that  Pkvy  (Ko.  59,  I88I.  IL  p.  4)  I 
glycogen  msy  be  broogbt  into  contact  with  blood,  and  krpt  in  rwnlarti  villi  ft  ft 
■omo  time,  at  a  body  tempentiire,  without  conrersiou  into  more  than  *fat  M^ 
be  chancteriaed  as  quite  an  insignificant  amount  n(  tugu.  Tht  ffgm§m  ft 
•nbaequently  recoTcnible  from  tlte  blood.  He  belicrca  (Na  69,  lUS,  L  fk.  T70  Utt 
the  glucoee  ferment  is  contained  in  the  liver.  Venona  blood  ia  antagoaialic  t»  II. 
and,  in  the  lirer,  fumiahes  a  maltoec  fennent ;  while  arterial  blood  «ap|Ai(a  iettB 
liver  the  glueoae  ferment.  Hence  limfile  veuotu  cougratiun  uf  the  orpm  Mrtar  «*M 
Induct)  diabetes. 

The  liriT  during  life  contain*  only  a  imall  quantity  of  aogar,  mai  iHem  it  ii 
finbable  that  the  latter  makes  its  appearance  in  the  blood  of  the  bepatie  vria  sksd^ 
after  leaving  that  organ.  Pary  (No.  69,  i.  1878,  p.  707)  give*  t)M  qvaatity  ia  tta 
lirer  of  the  cat,  taken  at  the  moment  of  death,  aa  ranging  betweaa  H'S45  la  >#H^  ia 
the  rabbit  O'S.'il  to  0009,  and  in  the  dog  0  315  per  mille.  AnotlwT  cxflaaaiiH 
ia,  that  tbo  im^r  ia  waibed  out  of  the  organ,  m>  aoou  aa  it  it  formed,  by  the  cifcalatiag 
blooil  (Flint  qnotrd  by  Rnintou).  After  death,  it  inciraaaa  la  quantity,  ■  ciare*- 
•tance  which  li'inU  sup|<ort  to  this  view. 

Thi>  NUgar  fortnatiun  and  ita  ili«cliarge  into  the  blood  appear  Id  b«  (VweliaM  «f  At 
liver  almoat  entirely  independent  of  the  quantity  and  quality  of  the  (bod  wuffkf. 

This  tninsformation  of  the  glycogen  into  grape  sogar  ia  know  a 
g^lycogenic  function  of  the  liver.    The  grape  ragar 
and  arrested  in  the  organ  and  is  given  out  little  by  little,  to 
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as  fuel  in  the  system.  It  is  destroyed  in  various  parts  of  the  body, 
probably  in  great  measure  in  the  muscles.  Bernard  supposed  that  it 
was  consumed  in  the  lungs,  but  this  is  now  known  not  to  be  the  case,  for 
although  a  certain  small  proportion  may  become  decomposed  in  passing 
through  these  organs,  yet  the  muscles  are  apparently  the  parts  in  which 
it  is  most  consumed.  It  has  been  suggested  that  it  is  converted 
into  ladk  add  within  tliem,  and  that  heat  is  generated  during  the 
process.  The  sugar  in  drawn  blood  rapidly  becomes  transformed  into 
lactic  acid,  and  it  seems  likely  that  a  similar  change  may  occur  during 
life.  It  is  well  known  that  the  reaction  of  a  muscle  during  exercise 
becomes  acid. 


QUANTITY  OF  SUGAR  NORMALLY  PRESENT  IN  BLOOD. 

437.  Pa\-j'  (No.  59,  1878,  i.  p.  706)  found  the  average  to  be  0-787 
per  milJe  in  the  dog,  0"521  in  the  sheep,  and  0-643  in  the  bullock,  but 
as  the  blood  was  taken  from  different  parts  of  the  bod}',  venous  and 
arterial,  and  not  from  any  one  stated  vessel,  these  figures  can  be 
regarded  as  giving  only  an  approximate  estimate. 

In  another  imficr,  however  (No.  69,  1877,  ii.  [i.  5<),  ho  gives  the  iiuniitity  in  the 
dog  u  "Sll,  for  the  carotid  artery,  aii<l  '"98  Tor  the  jugnlar  vein.  In  a  aecond  eiijeri- 
ment,  he  tuiotes  the  figures  rcsiwctively  at  '803  and  '87©  ;  thus  showing  that  the 
difference  in  amount  hetweeu  arterial  and  vennua  bloo<l  is  insigniScant. 

Seegen  (Na  188,  xliii.  and  xlriii.  1880)  has  examined  tlie  blood  of  Man  obtained 
by  a  cnpping-glass  in  ten  young  healthy  indivtiluals,  and  finds  the  quantity  of  sugar  to 
amount  to  0-159,  and  0-194  per  cent  Freridia  (No.  268,  i\  9)  gives  it  as  ranging 
between  0'12  and  0'3 — on  an  average  0'2  per  cent.  In  5  kgrm.  of  Girculating  blood 
about  10  gmi.  sugar  nro  present. 

Otto  states  (No.  1<}9,  xxxv.  1885,  p.  467)  that  the  quantity  of  sugar  is«omewhat 
greater  in  arterial  than  in  venous  blood.  From  fourteen  obfurvations,  lie  «uucluded, 
that,  iu  the  arteries  of  the  dog,  it  rons  between  110  and  1  ■+?  jwr  millo  ;  while  in  the 
veins  it  oscillated  between  1-02  and  1  29  per  nnlle.  The  blood  of  the  horse  showed 
that  the  sugar  was  oontaLued  almost  exclusively  in  the  liquid  part.  The  corpuscles 
were  practically  free  from  it.  In  one  case  in  which  he  examined  the  bloo<l  obtained 
by  venesection  in  Man,  he  estimated  the  quantity  to  be  1-47  per  mille. 

One  remarkable  circumstance  is  the  constancy  of  the  quantity  under 
varying  conditions  of  diet,  etc.  Thus  Seegen  (No.  169,  xxxvii  1885, 
p.  348)  made  out  that  the  arterial  blood  of  the  dog,  during  starvation, 
contains  the  same  quantity  of  sugar  as  one  fed  on  farinaceous  diet, 
namely,  0"157  to  0*150  per  cent.  When  fed  with  sugar,  or  with  cane 
sugar  and  dextrine,  it  is  higher  only  w!ien  the  blood  is  taken  during 
the  time  of  absorption  from  the  alimentary  canal,  as  Uleile  had 
previously  shown.  Horse's  blood  contains  an  equal  amount  of  sugar 
when  the  animal  is  starved,  as  when  freely  fed,  the  quantity  amounting 
to  01 44  to  0147  per  cent. 

Otto  (No.  169,  ixxv.  188.1,  p.  467)  found  that,  after  venesection,  the  quantity 
remoini  much  as  before ;  but  that  inanition  brings  about  a  still  greater  disproportion 
rMtt  the  quantity  preaont  in  the  arteries  and  in  the  veins  than  exists  in  health. 


024 


THE  BLOOD 


fAMt  m 


FORMATION  OF  SUGAR  FROM  SUBSTANCES  OTHER  THAN 
GLYCOGEN. 


438.  An  interesting  and  important  inquiry  in  relation  to 
is  whether  the  sugar  of  the  blood  is  ever  derived  from  any  otker 
source  than  glycogen.  When  an  auinial  l»  starvwl,  the  qtuntity  tt 
•agar  in  the  he])atic  vein  is  not  seiisilily  diniiiushed.  In  such  a  case, it 
must  of  course  be  derived  from  the  tissues,  for  the  quantity  of  ^JTCMM 
is  much  too  meagre  to  continue  to  ftupply  it.  Is  there  then  a  poaaUotj 
that  it  may  be  derived  from  the  fat«  1 

S»^gon  (No.  169,  xxzuc.  1886,  ]•.  121  j  fouiid  tlut,  in  feeding  tlw^asnilfc IB  •iib> 
tircly  (Wtty  diet,  Uio  aug»r  contained  in  blood  of  the  hri«tic  rtkn  tMatMA  iMNHiK' 
In  »ii  sverage  of  eight  observstionii  it  amountv<l  to  0*217  prrrent  in  th*  Imwlfcr  vtik 
In  0128  in  the  c«rotid  Mtery,  and  to  O'lU  in  the  iK>rlal  vein  ;  wbOa  tlw  mpr 
contents  of  the  livcr  itaelf  vrero  nu»e<i  from  0*5  picr  cent,  which  eotwtttataa  thi 
normiil,  to  1  jior  rent.  The  quantity  of  sixgu  which  enters  the  hlood  d*Q]r  ia  ai^ 
weighing  lOto  12  kgrtn.  amounts  to  200  gmi.  He  belierea  that  thtiagtrb«lakantal 
from  the  fat  carried  to  the  liver,  and  that,  in  starved  aniroaU,  the  aqgar  mVA  k 
found  in  the  liepatic  vein  i»  derived  from  the  liver  fitt. 

In  pursuance  of  thia  subject,  he  made  obaerrationa  |.No.  169,  r»«i«    ISM,  jk  \Xt> 
on  the  (.-apability  of  the  liver  to  convert  fat  into  aagar  outside  the  body.     Vrftm  fartj 
to  fifty  gnn.  of  a  recently  killed  dog'a  liver  were  finely  cut  up  and  digMted  tor  i»«  l» 
aix  hours,  at  a  body  teni|H-niturt',  along  with  the  carotid  artery  blood  of  tJw  MBi 
aniinal.  with  addition  of  a  vegetable  oil  emaUified  in  mucilage.     Air  wmt  aayaiMlnl 
into  the  mixture  so  as  to  keep  the  blood  artcrialiaed.    A  control  txpmiBtmt  of  U«        | 
nme  kind,  with  the  oil  emulsion  left  out,  wu  carried  on  at  the  lata*  ttaM>    A 
increase  in  the  (|uautity  of  the  sugar  of  fnitn  20  to  9S  per  coot  waa  fosad  la 
that  which  contained  the  oil,  whih-  in  thi<  otlicr  no  change  followwl. 


METHODS  OF  SEPARATING  THE  SUGAR  FROM  THE  BLOOtk 

439.  The  principle  involved  in  the  older  Tiirtho<)3  waa  identMal  ia 
all  cases,  namely,  that  of  the  dilution  of  the  bluod  with  a  large  txetm 
of  water,  the  precipitation  of  the  albumins  and  corpuaclea  with  aoat 
reagent,  separation  of  the  sugar  containing  liquid  from  the  predpitat* 
by  filtration,  subsequent  washing  of  the  precipitate  with  water,  aad 
refiltration.  The  sugar  was  estimated  by  ordinary  titration  metJiods  (••• 
vol.  ii.,  "  Urine  ").  The  reagents  employed  for  precipiuting  dbiniiiBa 
have  been  various.  Seegen  has  lately  recommended  heat  with  inm 
chloride  and  acctat«  of  soda. 

The  above  principle  was  followed  by  Pavy  in  his  older  netlMd 
(No.  .^9,  1877,  ii.  p.  13),  but  since  then,  he  has  modified  it  in  tit* 
following  manner  (Xo.  59,  1881,  ii.  p.  6):  — 

Pavy's  Method— Let  25  to  60  c.c  of  dcfibrinat«d  blood  b«  ptrand  iat*  tnm^ 
six  time*  th>-ir  volume  of  spirit  and  be  well  atirrsd  t«g«tb«r.     Th«  gb 
nfalblx  in  alcohol,  is  susceptible  of  extrartiun  by  tliis  liquid.     It  ia  held,  1 
man  teuadou«ly  by  the  coagulated  matter  than  might  be  exp^ctsd.  aod  ban 
tlTect  a  cotnplete  removal,  several  waabingi  and  premngt  an  nqslnd.    1W 
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guluut  slioulJ  be  allownl  to  rciiiain  in  rontaet  witli  the  s]>irit  till  the  follovring  day. 
After  being  boiled  by  the  hoat  of  a  water  hath,  iUc  alcohol  is  litniincd  ofT  through  a 
piece  of  liiieu  material  which  has  boi-u  cleaiised  so  na  to  be  free  from  dreiuiiig. 
The  coegidiiiu  is  still  further  washed  with  alcohol,  and  subjected  to  forcible 
••ineexing,  wliiK^  in  thi*  linen,  in  a  suitable  sizvd  \trcsn.  Tlio  rcoidue,  which  by  this 
proceu  ia  converted  into  a  dry  cake,  i.i  jiulveiiwd  in  a  mortar,  mixed  with  frwh 
spirit,  boiled  over  the  water  batli,  and  again  stmincd  and  pressed.  The  process  is 
r*l)e«tod  once  more,  atid  this,  ho  finds,  is  suflificriL  Thus  extracted  three  times, 
there  is  practicallj'  no  glucotic  left  in  the  solid  rcmiluc.  And  when  an  aqucon.t  extract 
ia  made,  it  gives  uo  cupric  oxide  reducing  action  before  siitijrction  to  tltc  iuHiicnce  of 
sulphuric  acid  and  heat.  Two  extractions  with  alcohol  iiiij{ht  prove  sutficicnt,  if 
cmrefully  made,  but  it  is  safer  to  use  thriH?.  To  prepare  the  alcoholic  extract  for 
tasting,  the  mixture  of  alcoholic  liciuiils  is  acidified  with  acetic  acid,  heated 
nearly  to  boiling-point  over  the  water  liatli,  and  then  liltercd  through  ordinary 
filtering  paper.  It  is  now  bnniglit  down  by  heat  to  a  small  bulk,  and  treated  with 
au  excess  of  crystals  of  sulphate  of  soda,  with  the  %iew  of  causing  the  fatty  matter, 
finely  dispersed  through  tho  liquiil,  to  agglomerate,  so  as  to  bo  susceptible  of  removal 
by  filtration.  Water  is  added  to  tho  surplus  crj-stals  of  sulphate  of  soda,  and  a  hot 
solution  made,  which  is  used  for  washing  purpose-t. 


QUANTITY  OF  SUGAR  IN  DIABETIC  BLOOD. 

440.  It  was  said  by  CI.  Bernaiil  thut  if  thy  amount  of  8U{^r 
reachud  0*25  j)er  cent  it  was  excrotod  hy  the  kidneys.  Soegen  (No. 
188,  xliii. ;  also  xlviii.  1886)  found  that  tlio  l>loo<l  in  persons  suffering 
from  diffht  diabetes  scarcely  showed  any  elevation  aliove  the  normal  in 
the  amount  of  sugar,  even  when  the  urine,  under  a  farinaceous  diet, 
contained  jiknty  of  it.  On  the  other  hand,  the  quuntity  in  the  blood 
of  eij;ht  diabetics  in  whom  the  dista^c  tats  seirrf,  was  far  al>ove  the 
natural  standard.  Uniler  a  strictly  antidialietic  diet,  it  came  to  0'192 
per  cent,  but  in  the  same  individual  under  ordinary  diet,  (1-314  to 
0'480  per  cent.  He  regards  these  results  as  anUigonistic  to  the  theorj' 
of  CI.  Bernard  above  referred  to.  The  blood  can  evidently  contain 
more  than  025  per  cent  sugar  without  its  being  immediately  dis- 
charged by  the  kidneys.  Pavy  has  found  tho  quantity  higher  than 
0'25  per  cent  in  diabetics. 

Experimental  Evidence. — The  fate  of  grape  sugar  when  injected 
directly  into  the  circulation  appears  to  depend  a  good  deal  on  the  con- 
ditions under  which  the  experiment  is  conducted.  When  sugar  is 
injected  intfj  tho  femoral  vein  of  a  dog,  it  is  usually  considered  to  be 
rapidly  cast  out  by  the  kidneys,  but  if  injected  slowly  into  the  portal 
vein,  it  is  not  excreted  to  nearly  the  same  extent,  but  api^irently 
becomes  transformed  into  glycogen  in  the  liver. 

Moutard-Martin  and  Richet  (No.  40,  xc.  ii.  1880)  state  that  large 
quantities  of  sugar  (50  grms.  per  kilo,  weight  of  the  animal)  can  be  in- 
jected into  the  venous  system  without  causing  death,  when  tho  animal 
is  under  the  influence  of  moqihia  or  chloral,  provided  the  injection  be 
made  slowly.  The  blood  retained  25  pjer  cent  of  tho  sugar,  a  consider- 
able part  of  the  excess  being  got  rid  of  by  transudation  into  the  inte,9tine. 
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V.  Brazol  (No,  51,  1884,  Phys.  Ab.,  p.  211)  has  studied, 
Ludwig'R  superintendence,  the  matter  of  the  fate  of  aug&r  artifituDjr 
added  to  the  blood.  His  results  seem  to  show  that  the  augar  a  «ii»> 
{:>o8ed  of  in  various  ways.  His  method  consisted  in  injecting  a  laip 
quantity  of  saturate<i  solution  of  grape  sugar,  mtu\e  either  with  a  *) 
per  cent  common  salt  basis,  or  with  pure  water,  into  the  jugular  nm. 
He  shows  that  there  is  no  direct  connection  between  th«  qiuati^ 
of  sugar  which  enters  the  blood  and  that  excreted  by  the  kidaara.  At 
most,  33  per  cent  is  got  rid  of  through  this  channel,  and  within  t» 
and  a  half  to  five  hours,  the  urine  is  usually  found  lo  be  fnoe  hua 
sugar.  Two  minutee  after  injection  of  large  quantities,  the  pereentafi 
of  supar  in  the  whole  blood  was  only  one-half  to  one-fourth  of  what  il 
should  have  been  according  to  the  quantity  employed,  and  two  ham 
after  injection  it  was  again  normal.  The  sugar  is  disposed  of  in  the 
following  manner :  One  part  per  cent  loses  it«elf  in  the  tnnia  jidcai 
one-quarter  part  in  the  muscles ;  over  one  part  in  the  liver ;  and  s 
three-fourth  part  in  the  kidneys.  Analysis  could  not  detect  thm  rf 
mainder  as  sugar.  It  is  probably  converted  into  glycogen,  or  la(<k 
acid,  or  suffers  further  decomposition. 

441.  Alleg^ed  Fallacy  in  Connection  with  Estimation  of  the  Amoant  ei  i 
b  Blood  by  the  Copper-test— Otto  (No.  109,  xxxv.  1885,  pi  467)  drawi  aUmlM  «• 
the  calculation  for  sugar  in  the  blood  by  the  copper- t«st  bving  baity,  ia  i 
the  actnal  ataonnt  of  sugar  not  being  catimntcd,  but  merely  that  of  the  ( 
rvdncing  mibatancea. 

H«  finds  that  in  blood  there  it  a  aahatanoe  which  reituoes  copper  with 
but  which  il  not  grape  sngar.   Thii  subiitanM  it  incapable  of  farmeatitiaK,  and  1 
in  order  to  Beparat«  the  two,  he  employs  AVomt  Miillor'*  method  of  i 
which  the  reducing  capability  of  the  liquid  ia  tested  before  and  after  I 
The  dilTerenoe  repnocnta  the  rogar. 

Thia  non-fermcDtible  reducing  suhataBce  is  pTMwnt  in  artarial  htood  of  i 
and  dogs  to  the  extent  of  0-16  to  0*58  per  mille  ;  in  venona,  trota  0'18  to  OTS, 
venonii  blood  of  Man,  he  found  it  to  the  extent  of  0-2S  {ler  tniUe.  It  is  iactaaaadli 
•inanlity  after  venesection,  while  the  quantity  of  tlie  miicar  reiuaiaa  iinalmrf 
Hence  the  reducing  power  of  the  blood  as  a  whole  ia  augnientcil. 

After  morphia  and  choral  narcoaii,  there  was  an  incraaae  in  the  rodndiK  V'' 
owing  to  an  exoeaa  both  of  the  aogar  and  of  tha  non-fennentibia  aBhatajM*.  AiWr 
chloroform  narcosis,  the  aame  excess  was  preaent,  and  was  oansMl  by  aa  inrn—  ia 
the  non-fermeutible  element  Scogen  haa  drawn  attention  to  tha  Ciet  that  tka  OQ^ 
obtainable  by  the  fermentation  teat  fonugar  (see  toL  ii., "  Urine  ")  nei 
the  ap|iarent  amoant  of  sugar  preaent  He  suppoaed  thst  it  wa*  doe  lo  I 
fermentation  of  the  augar,  bnt  Otto  explains  it  ob  the  •u|iposttioD  thai  tkb  i 
fermentible  r«duciog  aabatanoa  haa  heretofore  l«cn  ettimatcd  alon^  with  tha  aapii 
A  good  deal  •earn*  to  depend,  however,  for  the  accuracy  nf  the  fermeatatiaB  M^ 
npon  the  time  allowed  to  cuniplete  the  proceaa.  8«egen  «a;a  that  fllMty-«i^t  Imhs 
are  in  aome  caaea  insufficient  for  the  purpow. 

PsTT  (No.  59,  1881,  li.  p.  43)  refers  to  a  aabstanm  which  is  laft  in  tha  iMMavrf 
blood  from  which  tlie  angar  haa  been  estrvrtcd  by  hi*  ;iroc—.  It  is  trtsHHf  ia 
alcohol.  Ity  the  aitiun  of  •iilpliurio  acid  and  heat,  it  ia  convwrtad  into  a  fiiiiiewi^ 
which  l.irhare*  rery  much  iu  the  aauie  way  ai  glycogen,  bnt  he  is  not  preijiMW  to 
aay  that  they  ore  ideuticnl. 
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Glycogen,  acconling  to  Frerichs  (No.  258,  p.  6),  is  always  to  be  found  in  the 
blooil,  both  in  health  and  in  >liaI)CtoH.  It  is  present  in  consiJcrablo  iiuantity  in  the 
colourlcM  corpnsclea,  and  consequently,  in  abundant  in  inflaniriintory  effusions.  Iti 
presence  in  the  colourless  corpaiirlca  may  account  for  f'avy  having  Jiacovercd  it  in 
the  precipitated  residue  of  the  blood. 

442.  The  tests  for  grape  sugar  will  be  found  in  vol.  ii.,  under  "The 
Urine." 

EXPERIMENTAL  PRODUCTION  OF  GLYCOSURIA. 

443.  We  have  seen  that  in  all  probability  there  is  a  ferment  con- 
tained in  the  blood,  which  on  passing  through  the  liver  converts  the 
glycogen  into  sugar.  The  more  rapidly  the  blood  circulates  ttirough 
the  organ,  the  more  glycogen  is  transformed.  Hence  any  jarocedure 
which  will  favour  the  rapidity  of  the  circulation  will  tend  to  allow  an 
increased  quantity  of  sugar  to  enter  the  blood,  and  so  occasion  a  glyco- 
suria. 

(1)  Division  of  the  Pneumogastrics.— One  means  by  which 
this  may  be  accomplished  is  by  dividing  and  subsequently  stimulating 
the  vagi  If  the  vagi  be  divided  in  a  dog  during  full  digestion,  and 
their  upper  ends  be  stimulated  with  the  galvanic  current  for  from  six 
to  t«n  minutes  at  a  time,  an  interval  of  an  hour  elapsing  between  the 
applications,  the  vessels  of  the  liver  undergo  dilatation,  the  passage  of 
blood  through  them  becomes  facilitated,  and  sugar  apjwars  in  the  urine 
(CI.  Bernard,  No.  259,  i.  1855,  p.  325). 

(2)  If  the  floor  of  the  fourth  ventricle  be  punctured  by 
a  sjiecial  instrument  for  the  purpose,  the  urine  will  be  found  t<>  contain 
sugar  a  few  hours  afterv^-ards  (CI.  Bernard).  The  explanation  of  this 
phenomenon  is  probably  the  same  as  that  of  the  foregoing,  namely, 
that  the  operation  implicates  the  vasomotor  centre  and  induces  a  dila- 
tation of  the  hepatic  vessels. 

(3)  Section  of  the  spinal  cord  at  different  levels  also  occasions 
it ;  and,  curiously,  section  of  a  large  nerve  trunk  (sciatic),  accord- 
ing to  Schiff  (No.  200,  iii.  1866,  p  354),  has  a  like  effect.  Braun 
(No.  2C0,  p.  411)  first  drew  attention  to  the  fact  that  ru-uralffia  of  the 
tciaiic  is  by  no  means  seldom  accompanied  by  glycosuria.  Neuralgia 
ofthefifUi  has  a  like  causal  influence  (Frerichs,  No.  258,  p.  48).  Schiff 
(No.  261)  proved  that  diviskm  of  the  postervv  rmtts  of  the  nerves  arising 
from  the  cervical  portion  of  the  spinal  cord  induces  temporary,  and 
similar  diinsion  of  the.  anterior  roots  in  the  upper  cer>'ical  region  of  the 
cord,  permanent  (paralytic)  diabetes.  Lesions  of  (he  brain  such  as  apo- 
plexy, concussion,  embolism,  and  meningitis  are  by  no  means  uncom- 
monly followed  by  glycosuria. 

(4)  Chloral,  morphia,  and  chloroform,  all  have  the  property 
of  occasjonally  exciting  a  temporary  glycosuria.  It  should,  however, 
be  remembered,  in  connection  with  the  glycosuria  resulting  from  the 
use  of  chloral,  that  this  substance  itself  has  a  powerful  reducing  action 
on  copper  solution,  a  circumstance  which,  if  lost  sight  of,  might  lead 
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to  fuUacious  conchisions.     Carbonic  oxide  gas,  when  inhaled, 
curare  and  amy!  nitrate,  when  injected,  also  cause  teui{x>r:iry 

(5)  InjectiiJti  of  large  quantities  of  1  per  cent  common  salt 
tion  into  the  vascular  system  gives  rise  to  it  (Bock  and  HofTmaiin.  Xa. 
51,  1871,  p.  550). 

(6)  Injection  of  large  quantities  of  grape  SUgfar  into  tho  captj 
stomach  of  the  dog  (Borniird,  No.  257,  2d  seriea,  iv.  1 873.  pt  lOMi 
or  into  the  rectum  of  the  rabbit  (Bence  Jones,  No.  263,  \k  42)^  ah* 
occasions  a  t«mponiry  dinVtetes.  It  is  questionable,  howercr,  vrhaUxr 
sugar  taken  in  a  mixed  diet  hits  any  positive  effect  in  inducing  g)jri» 
suria  in  Man.  Lohmanu  (No.  263,  ii.  p.  37f>)  lived  on  a  mixed  die* 
of  sugar  and  fat  for  two  days  without  finding  any  trace  of  aagar  ia  iIm 
urine. 

(7)  Gradual  constriction  and  occlusion  of  the  portal  vda 
by  a  ligiituro  is  followed  by  glycosuria,  probably  from  the  gimp*  i 
contained  in  its  blooii  being  transferred,  b}'  other  anastomotic  i 
directly  into  the  general  circulation.  Diabetes  faa«  been  no<«d  ia 
diaeaae«  of  the  liver,  such  as  cirrhosis,  in  which  the  bnutcfa««  of  ikm 
]>ortal  vein  arc  compreasod.  Whether  the  diabetes  is  due  to  iIm 
imi>eded  circulation  caused  by  the  cirrhotic  hands,  or  to  Um  gOMnl 
disturbance  in  the  functions  of  the  organ  caused  by  destmctioo  of  ifa 
tissue,  doe.<i  not  seem  quite  clear. 


CAUSES  or  DIABETES. 

414.  From  what  has  been  said  of  the  condition  of  the  blood 
diabetes  (Sect.  440)  it  seems  to  be  pretty  clear  that  the  reaaon  of  i 
being  shed  by  the  kidneys  is  that  it  is  su]>erabundant  in  the 
The  disease,  therefore,  is  not  primarily  one  of  the  kidney,  alt 
that  organ  may  become  injured  in  time  by  having  to  diachai^ 
unusual  and  abnormal  function.     Nor  can  it  lie  regarded,  in  hs 
plicated  condition,  as  essentially  a  disease  of  the  blood. 

The  liver  is  evidently  the  organ  that  is  chiefly  at  fault,  and 
seeking  for  a  clue  to  the  nature  of  its  derangement  in  the  ex|ierinieaAal 
facta  bearing  upon  the  subject,  by  far  the  most  important  is  the  readi- 
nesfl  with  which  a  vasomotor  paralysis — that  is  to  say,  a 
allowing  as  it  does  of  a  freer  arterial  circulation  through  the 
will  occasion  glycosuria. 

(!mnted  that  the  starting-point  of  the  diaease  ia  the  undae  rnadi 
neaa  with  which  the  blood  circulates  through  the  liver,  tlierv  an  twv 
secondary  alternatives,  through  the  instrumentality  of  either  of  vhkk, 
the  sugar  may  be  proximately  accounted  for : — ( 1 )  Hither  ita  gifClh 
genetic  function  is  imperfectly  fuliillod  and  it  fails  to  arreat  all  the 
sugar  brought  to  it  by  the  portal  vein,  thus  allowing  a  portion  of  it 
to  enter  the  systemic  circulation  unchanged  ;  or  (2)i,  ita  glyCQgCadC 
function  becomes  too  active,  from  over  stimulation  caused  by  tbt  afla 
of  arterial  blood  to  it     Both  of  these  conditions  might  be  axcif^d  by 
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iticreiised  rapidity  in  the  circulation  of  the  1i!ood  through  its  vessels. 
In  the  one  case,  the  sugar  woiiUi  be  swe[>t  through  the  organ  without 
inten-uption  ;  in  the  otiier,  the  tran sfornuition  of  glycogen  into  sugiu" 
would  l)e  carried  on  too  rapidly,  and  an  excess  would  thus  pass  into 
the  hepatic  vein. 

Facts  seem  to  favour  the  former  of  these  views  ;«  being  the  most 
likely.  It  has  been  actually  shown  by  Ehrlich  (referred  to  by  FrtTichs) 
that  glycogen  was  found  to  he  almost  jibsent  from  the  eolls  of  small 
pieces  of  liver  withdrawn  from  a  diabetic  by  means  of  a  trochar ; 
a  circumstance  which  lends  siii>port  to  the  nlwve  tlieory.  The  root  of 
the  evil,  however,  seems  to  )>e  primarily  a  neurosis  excited  by  some 
abnormality  in  the  region  of  the  medidla  oblongiita  or  u<|uoduct,  but 
what  that  lesion  may  Vie,  is  not  by  any  moans  clear. 

Dickinson  (Nu.  34,  1870  ;  No.  59,  1883,  i.  p.  TTf))  has  long  niain- 
taineil  that  there  must  bo  some  central  nervous  lesion,  and  indeed  has 
described  a  cribriform  appearance  of  the  pous,  medulla,  and  hemi- 
spheres, due  to  dilatation  of  the  perivascular  siuices,  together  with  small 
hjEmorrhages  into  the  same  parts.  Whether  these  actually  constitute 
the  lesion,  or  whether  they  are  an  cHect  of  it,  would  require  still 
further  investigation. 

The  6ym[)athetic  has  been  frequently  examined  in  this  disease 
(Dickinson  and  others),  but  without  revealing  any  abnormality  of  note. 
It  seems,  therefore,  to  be  probable  that  the  lesion,  if  lesion  there  be, 
is  situated  more  centrally. 


MORBID  APPEARANCES  OF  VARIOUS  ORGANS  TN  DIABETICS. 

445.  The  Liver,  in  typical  cases  of  diabetes,  varies  in  appear- 
ance, and  does  not  present  any  one  deviation  from  health  which  can  be 
regarded  as  characteristic.  It  has  frequently  been  found  to  be  /nthf. 
iMore  or  loss  loosening  of  the  epithflmvi  in  the  convoluted  tubes  of  the 
kidney,  with  untmuil  ttranulariiy,  and  a  tenihncii  to  desquamate,  have  also 
often  been  noticed,  indeed,  in  some  cases,  amounting  to  a  catairhal 
ligfhfitia.  The  lung^  are,  from  time  to  time,  the  seat  of  phlhisieal 
WgtiSm  and  tuhcrculiir  iii0ration.  The  pancreas  hiis  been  carefully 
examined,  but  nothing  of  much  im[i(»it  has  been  found. 

The  above  lesions  may  all  be  regarded  as  sequekr  of  the  disease. 
There  is  nothing  to  show  that  any  one  of  them  has  to  do  with  its 
causation. 

As  before  remarked,  lesions  of  different  parts  of  the  nervous 
system  have  been  described.  Some  of  these  have  been  located  (sclero- 
sis, etc.)  in  the  neighbourhood  of  the  fourth  ventricle,  others  in  the 
hemispheres,  or  in  the  lobes  of  the  cerebellum. 

Literature  on  DutbeCfj. — Bernard  :  R«vue  Scieiitifiqut',  2d  Serie.  T.  !v.;  ttljo,  Le^ous 
tor  le  Diabete  ;  aim,  V\iy»io\og\f:  oriit'riinenUilt-.  Bninton :  Kcynold.s'  Syst.  .Med.,  v. 
p.  381.  Discussion:  Traus.  PatU.  Soc.  Lond.,  x-vxiv.  1882-3,  p.  328.  Dock: 
PflUgerj  Arcliiv^,  V.  1872,  p.  071.  von  Frerichs :  Ueb.  d.  Diabetes,  ISS*.  Hariey  : 
BriU  «nd  For.  .M«l.  Chir.  Rev.,  xxxix.   1857,   p.   191.     Hensen  (CJlycfygvu):  V.rli.  d. 
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Tjtyaik.  med.  Gw.  t.  Wurzburg,  rlL  18&6  ;  alio,  Arch.  t.  path.  Annt..  sL  IM7,  r.  WL 
Pwry:  Proc.  Roy.  Soi-.  Lond.,  xx\Ui.  1879,  p.  520;  ai-  I*ctunm  LjHral 

1878,  i.  p.  483;  a<jo,  On  Diab«te«.     Philpot :  IiiaU-U-M  M.  l.    fTillMllHM 

On  Dinbcten.  Saundbv  (Siulden  Death  iu)  :  ir.  1884,  p.  li.V  SchliT:  I'MM*.  Ik 
Zntkerbilduiig,  18.'.9.  Seegfen  :  WU-u.  Mt-l.  Wochnmlu-..  Not.  -JS,  4H,  lfiS«.  Tllfri 
(Glycogen  Finiieat)  :  Pfug.rs  Archive,  vi.  1872,  p.  249;  /W<A,  »iL  167%  P>  «■ 
Tnuibe:  Arch.  f.  path.  Auut.,  iv.  IH.'>^.  p.  10{i.  Trousseu :  OiiiiinM  nM.  (U— II 
N.  8yd.  Hoe.,  iiL  1870,  jp.  491.  Unschuld  :  EWrl.  ktin.  WochnKlir^  xxL  1M«,  |^  Ml 
WUks :  Mel.  Times  and  Gu.,  1884,  i.  p.  78. 

Litnttlure  OH   .Suj/ar  in   A/vorf.— AbdcS  :    Med.    Jahrb.,  Wwn.,   lij.    1P7>.  p    »» 
D'Arsonval :  Giul    hebd.    <\v  kkVI.,  xxiv.  1877,  p.   r>81  ;  C«in]>t.   rrii 
UxTviii   1879,  p.  763.     Bernard  (CI.):  <;»*.  mrtl-  de  P«rl», ».  1876,  : 
Arch.  f.  nj)«m1.,  1879,  p.  59.     Caxeneuve  :  (Vimpt  rrnd.   Ar»d.  d.  S«-  .  jinnu. 

p.  596.    Dastre :  De  U tJlyc.mie ii.«ph>xiipic,  I'ttrim  1879.    EwaJd :  R»»i  kfik.  Wi 

•I'hr.,  lii.  1875,  p.  889.      P»vy  (Qu»nlitativt-   iMcrmiunUou ) :  Meil    Pr«>«   *.m' 

xiil.  1877,  p.  1 :  IbUt,  iirii.  1879,  p.  859;  Lniimt,  1881,  u.  pp.  6  •n.l  •         ^' 

Benuud'ti   Methcxl   cf  E«tiiiiatioii) :  Conipt   read.  Acad.  d.  fiic..  lxn> 

Seegen:  Anli.  f.  d.  gen.  PhyMol.,  xxxir.  1884,  p.   388;  Ibid.,  tx> 

369  ;  Ihid.,  xxxix.  ISSfl,  p.  121.     Otto:  Arch.  f.  d.  ge».  P»iy»iol  .  x^ 

▼.  Brazol  (Excretion  of  ^upa  in  Excwui  from  the  Blood) :  Arah.  1  Riyx  1. 1 


LVPXUW  or  PlARRILCMIA  (A<V<K,  s-utp,  /of). 

446.  It  has  long  been  known  that  the  serum  of  blood  msj  be  itf 
milk-like  whittness.  The  condition  wtus  familiar  to  HewMn  (K&  Sl%] 
p.  82),  and  to  Hunter  (No.  128,  iii.  p.  bb).  The  former  meal^ 
the  oue  of  a  joung  woman  who  was  bled  twelve  times  vxUda  iil 
mouths,  and  in  whom  the  serum  was  every  time  as  white  m  ailk 
He  refers  to  niiuiy  previously  recorded  instances  of  this  condition,  «ad 
describes  several  other  cases.  Numeroos  ca^es  have  since  then  been 
described  by  Christison,  Virchow,  Coot«,  Foster,  Sanders  and  Uaaii- 
ton,  Oamgee,  Starr,  and  others  (see  Bibliography).  It  is  caiued  bjr  tlkt 
presence  of  a  chyle-like  emulsion  of  fine  oU  gMmitf,  with  a  Urgv  pfo- 
portion  of  a  preeipUaied  albuminous  .fuhttanre. 

The  blood,  when  withdrawn  during  life,  has  a  raspberry-crouit'&kt 
appcATunce,  iind  when  allowed  to  stand,  8«i)&nt«B  into  a  miUc-wlulf 
stratum  superficially,  and  an  oi>aque  reddish  layer  underneath.  If 
dropped  on  a  flat  surface,  the  same  white  layer  shows  itaelf^  so  that  it 
may  present  more  the  aspect  of  milk  tlian  blood.  Very  mocli  tkt 
nmo  appeamnces  are  noticed  when  the  blood  is  withdnwn  fron  tfa 
heart  or  blood-vessels  after  death.  In  one  case  which  Ist«Iy  oat 
under  the  author's  notice,  the  whole  of  the  mesenteric  and  gaatek 
veins,  and  those  of  the  brain,  looked  as  if  injected  witli  aone  wliifei 
opaque  substance. 

When  a  drop  is  examined  immediately  after  removal  from  the  Itvtaf 
subject,  or  within  twenty-four  hours  after  death,  the  globaiea  of  oS 
are  seen  to  be  very  minute  ;  but  after  the  blood  has  stood  for  from  forty- 
eight  to  sixty  huiu^  they  tend  to  run  together  bo  as  to  form  hrfar 
globules,  and  the  previously  white  stratum  assumes  a  slightly  pink  eoloar. 

In  Diabetes. — Most  of  the  recorded  cases  have  occurrrd  in  '^niVrtrfi. 
althou^'h  the  condition  has  ))een  noticed  in  other  indtviduab  M  walL 
When  lipsemia  is  associated  with  this  disease,  the  blood  and  TiaMn  haw 
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the  chloroforniliku  odour  described  under  Acet&nntim.  It  ia  not  present 
merely  nf  ter  a  meal,  but  continues  quite  independently  uf  the  food  supply. 

In  Health. — The  serum  of  tlie  blood  of  many  jiniinals  after  a  meal 
presents  a  milk-like  whiteness.  Hewsoii  states  (loc.  at.,  p.  89)  that  the 
blood  of  a  gouse,  when  withdrawn  four  hours  after  a  meal  of  oats, 
presented  this  appearance,  and  he  correctly  attributed  it  to  oil. 

Cause. — Notiiing  of  a  satisfactory  nature  has  as  yet  been  made 
out  regarding  it. 

LitfnUutr  oyi  Li/nrmia.  —  Babbing^on :  ToiUl's  Cycl.  Aunt,  iiiul  Plijs.,  i.  j>.  422. 
Bertrand  :  Arch.  gtm.  A.  nu-il.,  xr.  I.S'27,  |i.  98.  Buchanan:  Lnii<I.  Mett.  Qaz.,  i. 
1844,  |>.  n.  Chowne:  Lancut,  183U,  ii.  p.  036.  Christison  :  E<)iu.  M.  and  H. 
Jouni.,  xxxiii.  1830,  p.  274.  Coote  (iii  Dmbeted)  :  Lnuitt,  1800,  ii.  pp.  232,  258. 
Forter  (B.) :  Brit.  Me.!.  Jouru.,  187S,  i.  p.  78.  Fraser  and  Logan:  Eilin.  Med. 
Jouni.,  ixviii.  1883,  p.  199.  Gamgee  :  I'liysiol.  Cliujn,,  1880,  i>.  171.  Kastner : 
Ueber  di«  Niitiir  Uen  weiuon  Blates,  1832.  Sanders  and  Hamilton :  Ediu.  Med. 
Journ.,  July  1879,  i.  p.  47.  Schmiedts :  Von  tiiicm  .Maunp  Iwy  welchem  Mileli 
■lis  i-iner  geMllneten  Ader  geflosaen.  Aiiwrl.  iiieil.  iliir.  .  .  .  AMmmll.  d.  rijiii  kaix. 
Akad.  d.  Naturf.,  NiirDli.,  hi.  17.'<6,  p.  ISti.  Specie:  Arcb.  d.  Ver.  f.  wUsenscli. 
Heilk.,  1848,  p.  232.  Stair:  .\ew  York  Med.  Hoc,  May  1.  1880.  Stuart: 
Philonopliical  Trans.,  ix.  1832,  [i.  193.  Tatham  :  Uncut.  1835,  i.  i>.  373.  Virchow: 
Gee.  Abhandl.,  2te.  Aiug..  1862,  p.  138.  Zaccaretii  (Pneumouui  with  L.)  ;  Traoiil., 
Uacet,  1836.  ii.  p.  173. 

ACETONiEMIA. 

447.  Historical.— In  the  year  1857,  Fetters  (No.  221,  1857) 
drew  attention  t<^)  t!ie  fact  that  the  breath  and  urinr  of  diabetics  had  a 
peculiar  ethereal  odour  which  he  iisuribed  to  acetone.  Kaulich 
(No.  221,  Ixvii.  1S6(>,  ]\  58)  confirmed  these  observations,  and  de- 
tected acetone  not  only  in  the  course  of  diabetes,  but  in  various  other 
disea.ses,  especially  those  of  the  stomach.  In  his  opinion,  it  was  evolved 
from  the  fermentation  of  grape  sugar  in  that  organ.  Betz  (No.  134, 
1861),  and  Cantani  (No.  264,  xxiii.  1864,  p.  610)  continued  the  in- 
quiry, the  latter  summing  up  and  supjtorting  the  conchisions  of  the 
preceding  observers. 

Odour. — The  ethereal  odour  of  the  breath  above  referred  to,  is  a 
very  remarkable  feature  of  diabetic  patients.  It  is  sometimes  so 
powerful  that  it  can  be  readily  detected  throughout  a  large  chamber. 
It  is  perceptible  in  the  viscera  after  death,  more  especially  after  they 
have  been  kept  for  a  day  or  two.  Indeed,  the  stomach  and  alxlominal 
viscera  frequently  do  not  exhale  the  characteristic  chloroform-like  odour 
at  the  examination,  but  have,  on  the  contrary,  a  sour-beer-liko  smell. 
If,  however,  they  be  placed  in  a  close  vessel  for  twenty-four  hmirs,  and 
if,  after  this  time,  the  cover  be  suddenly  removed,  tlie  odour  will  be 
|>erceived  in  almost  any  case  of  diabetes,  even  where  it  has  not  been 
present  during  life  or  at  the  autopsy.  It  exactly  resembles  that  of 
pure  acetone. 

Acetone,  iis  obt^tined  by  the  destructive  distillation  of  acetate  of 

lime,  has  the  formida  CO  -J  /,,,'.  It  is  an  ethereal  liquid  lighter  than 
water  :  it  boils  at  133°  F.  :  and  buins  with  a  luminous  flame.     It  u 
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caeily  miscible  with  wat«r.  Jaksch  (No.  •')4,  1865  ;  No.  zxriiLX  by 
distUHog  a  very  large  volume  of  urine,  fuund  that  it  is,  to  a  aaaD 
extent,  a  normal  constituent. 

(1)  LUbi'nx  Test. — Treat  the  ilislillate,  say  from  urine,  with  aoliitid* 
of  iodine  in  iodide  of  potassium.  A  yellow  {irccipitat*  of  iodofam 
crystals  is  throvm  down. 

Lf^afs  Test. — Add  to  the  distillate  a  small  <njiintity  of  solutMB  al 
tatistic  soda,  followed  by  solution  of  so<lium  nitro-|)ru»side.  A  red 
colour  should  be  forthcoming  if  acetone  is  present,  which  does  not  d» 
appear  on  subsequent  addition  of  acetic  acid,  but  changes  to  a  parpl*. 

Diaceturia. — Some  years  after  the  ab«ive  referred  to  diMOrwj  •! 
•oetono  in  the  blood  und  urine,  Gerhanh  (No.  54,  1865)  fonnd  is  t 
patient  suffering  from  diabetes,  that  the  urine  stained  of  a  red  coionr 
with  perchloride  of  iron,  and  he  averred  that  this  was  «lue  to  it*  aat- 
taining  tuet^i- acetic -eiker.  Aceto-acetic-ethcr  decomposes  readily  bf 
heat,  or  by  the  action  of  acids,  into  acetone,  alcohol,  and  carbooic  add. 

Later  on,  it  was  shown  by  Deichmiiller  (No.  20,  ccix.),  and  ToUoi 
(Ibid.),  from  researches  mode  on  the  urine  of  diaV^tics  in  EXiateni't 
clinic,  that  this  substance  contained  in  the  urine,  v  !t  wp- 

jiosed  to  be  aceto-acetic-ether,  was  in  reality  afWo-<i'  l»kadi 

(No.  187,  vii.  p.  487)  demonstrated  that  without  doubt  ac«to«c«tk- 
acid  is  a  frequent  constituent  of  diabetic  und  otiicr  urine, 
aceto-acetic-acid  is  administered  to  dogs,  acetone  is  found  in  tJie 
and  in  the  urine  of  dialectics  acetone  and  aceto-acetic-acid  an  uataBy 
jiresent  together.  It  has  therefore  been  suggested  that  acetone, 
found  in  the  unne  along  with  acoto-acetic  acid,  it  merely  a  prodact  of 
<lecom]x>sition  of  the  latter. 

Dn-whfeld  (No.  6,  1888,  ii.  [l  36S)  mUIm  th«t  the  red  reutiaii  obtaiMd  i»  » 
number  of  cases  which  cani)'  uiuli-r  hin  notiw  wiu  >luc  to  ■c«to-aortic  »ciiL 

Frorichs  (No.  91,  vi.  p.  1  ;  'So.  258,  p.  117),  iudewl,  Ji»jovar«l  ih»t  Mwtc 
•eid,  when  tdministorctl  to  Han  by  the  mouth,  ilid  iiot  |iu*ov*r  UMlloivrf  is 
nrina,  bat  was  decomiWMd  into  acetone  an4l  utlirr  |>ro<lucta     Albataai  (So,  104, 
xviiL  1884,  [t.  SS6),  on  the  ot]ier  hand,  itatcs  that  it  paoMW  ow  tinrhain»il  if  I 
action  of  the  unne  be  alkKliiu-,  wherva*.  if  the  urine  lie  acid,  itbaoomtadaMnyw^l 
acetone  appears  in  the  urine. 

Such  cases  are  now  described  under  the  designation  of  diaceturia. 
They  are  characteriaed  by  the  breath  having  a  strong  acetone  odour, 
and  by  the  urine  containing  acetone  and  giving  a  red  reaoticm  vitk 
perchloride  of  iron,  this  reaction  being  probably  due  to  the  pm 
of  aceto-acetic  acid. 

Litrraturf  on  Acttmurmia. — Albertoiti :  Arch.  f.  eiper.  Pnth.  a.  nantakoL, 
1884.  p.  218.    Cmntani :  Otor.  Vrneto  dl  k.  ined..  zziii.  1804.  \:  610.    E4es  (Dia 
Coma):  Uontou  .Me<l.  uid  SurK.  Journ.,  rx.   1884,  p.  495.     Foster  <B.):  !)rit. 
.tniini.,  1878,  I.  |>.  78.      Kaulicb  :  VrUJwhr.  f.  d.  prelrt.   H  |k  M. 

Kiea  :  (iu.  nn-d.  de  Stnub.,  vii.  1K7A,  p.  85.     Kruszka  :  >  .  IMX 

Kussmaul:  »}1«««.  Med.  J.,  vi.  1H74,  y.  J85.  Lancet  (S|»-n;  »rii  .r  ,  ., it  IBTSLi 
)>.  689,  Naumann  (in  Plithiri*)  ;  Vcrhnndl.  d.  untiirb.  V>t  d.  ynnm  RheiAl.  a.  W«|- 
plitii..  XX.  1865,  p.  8.  New  Tests  for  Acetone :  Mf.1.  .Ncw«.  I'hilji..  xU.  i**t.  i,  i«. 
Rupatein  :  Uab.  A.  Aaftivtaa  d.  Acatona  b.  iMabctia*  meUltiu,  1874. 
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DiABKTic  Coma. 

448.  Diabetics  frequently  die  from  a  peculiar  group  of  symptoms 
inchidcil  under  the  above  term.  The  individual  is,  as  a  rule,  suddenly 
seized  with  difficulty  of  breathing,  followed  by  drowsiness,  which  ter- 
miniXtes  in  deep  coma  and  death.  The  breathing  has  a  peculiar  pant- 
ing character  like  that  following  the  division  of  the  vagi.  The  air 
enters  the  chest  freely,  but  does  not  aerate  the  blood.  An  intormission 
of  the  symptoms  for  a  few  hoiu^  or  days  is  sometimes  noticed,  but  the 
second  attack  usually  proves  fatal.  Of  a  total  of  fiftytf"''^*'  dialK'tics 
dying  in  Guy's  Hospital  during  a  8])ace  of  ten  years,  Taylor  (No. 
6,  1883,  i.  p.  TT'i)  found  that  tiiirtytbree  died  comatose.  In  ten  of 
them,  the  coma  supervened  in  the  course  of  pneumonia  or  phthisis.  No 
doubt,  persons  die  comatose  when  the  subjects  oF  dialjetes  from  various 
complications,  but  by  far  the  most  remarkable  cases  are  those  in  which 
there  is  no  ulterior  cause  for  the  coma  in  the  shape  of  a  pneumonia, 
or  disease  of  the  kidneys,  apoplexy,  etc. 

Varieties. — Di-esi-lifcM  and  Frerichs  recognue  various  fonns  ul"  iliiilictic  coma. 
The  former  (N^o.  6,  Oct.  20,  ISSl,  aud  Aug.  21,  1886)  divides  mieh  rases  into  throp 
grouiw.  Thoue  belonging  to  the  first  are  charactorised  by  drdwsinex.i  uooii  pawing 
into  couia  ;  those  of  the  socond  class  are  distiuguishinl  by  symptoms  which  rvsumbln 
aJcoholic  intoxitation,  such  as  staggering  gait,  incoherent  and  (liii-k  8iiet>i.'li,  nn  excited 
state  of  thf  ner\'oiw  system  followed  by  drowsiness  and  coma  ;  while  the  third  groni> 
includ(.<s  the  largest  number  of  cases,  namely,  those  in  whirli  tlic  dyspntia  is  & 
marked  symptom,  and  is  followed  by  coma.  Both  the  breath  of  the  patient  and  the 
nriue  exhale  an  odour  like  that  of  acetone,  and  the  urine  contains  accto-acetic  acid. 
(Sec  .Soot.  417.) 

Pathology. — KussmatJ  (No.  140,  Aug.  1874,  p.  1),  on  observing 
the  |*eculiar  phenomena  of  diabetic  dyspncea  and  coma,  was  led  to  the 
conclusion  that  they  must  be  ascribed  to  some  profound  alteration  of 
the  blood,  and  concluded,  as  Peters  {loc  fit.)  had  previously  done,  that 
the  ardone  present  in  the  blood  and  urine  must  bo  the  cause  of  it. 
This  idea  received  support  from  Kaulicb,  R  Faster,  and  other.";,  and 
up  till  a  few  years  ago  met  with  pretty  general  acceptance. 

The  chief  ohjedion  to  this  theory  is,  that  acetone,  when  inhaled  or 
otherwise  administered  to  animals,  or  to  Man,  does  not  call  forth  the 
sym|)tom8  of  diabetic  coma,  but  seems  to  have  verj'  much  the  effect  of 
ethylic  alcohol.  It  has  been  exhibited  both  medicinally  and  experimen- 
tally in  large  doses  to  Man,  but  in  no  case  has  it  occasioned  any  symp- 
tom of  note.  Nor  does  aceto-acetic  ether  or  aceto-acetic  acid  appear 
to  be  in  anywise  more  powerful.  Albertoni  (No.  104,  xviii.  1884,  p. 
235)  gave  each  of  them  in  large  doses  to  animals,  without  eliciting 
anything  like  the  symptoms  of  diabetic  coma,  and  without  a  faUl  result 

Fid  Emliolisiii  TlifOTji. — On  examiru'ng  the  organs  of  a  diabetic  in- 
dividual with  lipa'mia,  an<l  dying  fwrn  diabetic  dyspncea  and  coma,  the 
author  discovered  extensive  fat  embolism  (see  Fat  Embolism)  in  most  of 
the  organs,  manifestly  in  the  lung  and  kidney,  and  was  led,  with 
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operation  of  the  late  Professor  Sanders,  to  advance  the  tbeorjr  tb*t  tidi 
might  cxi)Iain  the  symptoms.  Since  the  publication  of  the  |i*{«r  n 
which  this  view  was  announced  (No.  19,  July  1879),  the  author  liiM  had 
the  o|)portunity  of  examining  the  organs  of  another  very  chaiiKtariMie 
lipaemic  diabetic  dying  with  dyspniea  and  coma,  with  like  result.  Stetr 
(No.  199,  May  1, 1880)  has  published  a  simdar  uise.  There  is  nodoali, 
as  Droschfeld  and  Kussmuul  have  pointed  out,  that  thcro  are  d^tnat 
ftrrms  of  diabetic  coma,  and  it  soems  quite  likely  that  when  iIb 
lipo^mic  condition  of  the  blood  is  present,  the  cause  of  the  sjriiniU— 
may  be  ascribed  to  the  great  diiiiculty  the  blood  has  in  cireaiattii^ 
owing  to  the  mass  of  minute  oil  globules  and  precipitatAd  alhniBiB 
rontJiined  in  it.  From  what  has  already  been  said  (Chap.  xiiL)  of  \ht 
necessity  of  maintaining  a  certain  constant  relationship  between  tk 
specific  gravity  of  the  blood  plasma  and  that  of  the  bodies  sttspandtd 
in  it,  it  is  only  to  be  exjiected  that,  in  lipwmia,  symptoms  of  obHraclid 
circulation  should  manifest  themselves. 

Mtfluni  of  J'rrjtarinfi. — Several  authors  have  stated  that  thqr  )>■** 
been  unable  to  find  oil  emboli  in  lipainiic  individuals.  A  great  do] 
depends  upon  the  methods  employed  for  hardening  and  stainin 
tissue.  The  globules  of  oil  as  a  rule  are  small,  more  so  than  u.  >... 
embolism  from  fracture  of  a  bone,  and,  consequently,  might  be  paned 
over  unnoticed.  The  lung  should  be  hardenetl  in  J  per  cent  clmnotr 
acid  solution,  the  other  organs  in  Miiller's  fluid  followed  by  spirit 
Extremely  thin  sections  are  to  be  cut  in  the  freezer,  afterwards  daepij 
stained  in  perosmio  acid,  and  finally,  mounted  in  Farrants'  aolatioii.. 
The  capillaries  will  then  be  seen  to  be  filled  with  a  finely  granali 
debris  in  which  the  oil  globules  are  contained.  The  latter  oao 
noticed  to  run  into  larger  masses  and  to  inject  systems  of  caf 
in  particular  ]>arts,  such  as  those  on  the  alveolar  walls  and  ia 
glomeruli  of  the  kidney. 

Nfgntive  Cagfx. — There  are  undoubtedly  cases,  however,  in  which 
symptoms  of  diabetic  dyspnwa  and  coma  are  present,  and  in  which 
white  blood  or  fat  embulism  ia  to  be  seen.     Tho  pathology  ol 
eases  is  as  yet  by  no  means  clear,  and  the  careful  examination  ol  th^ 
Uood  and  organs  would  in  all  probability  lead  to  valuable  resolta.     In 
a  case  of  this  nature,  which  recently  came  under  the  authors 
the  capillary  vessels  in  the  lung  were  seen  to  contain  an  unv 
large  number  of  leucocytes  of  great  sixe.     In  some  iwrt*  they 
to  have  oljstnicted  the  circulation,  and  to  have  given  rise  to 
congestion.     Whether  the  chemical  alterations  the  bloo<i  had  soffe 
were  such  as  to  unfit  it  to  circulate  leucocytes  or  not,  was  of  co«r 
impossible  to  determine  after  death.    The  ap|iearanoe  was  certainly 
markable,  and  the  whole  subject  may  well  rewanl  further  inve 

t.ilrmturr   iin    Itiii/ietic    firma.  — Devlin :    Mnl.    Tire.    S.    Y..    iiit.    IS'rt. 

Dreschfeld  :  Krit.  Mnl.  J.,  18t<(f,  ti.  )>.  S.'iS.     Foster  <B.):  ^ra. 

p.  7h.     Mabboux  :  IUt.  <L  MnI.,  ri.  16^0,  p.  72^0.     Quiucke  :  umht_ 

xTiL  1»80,  i>.  1.  Rose  :  MeJ.  Itec.  X.  Y.,  zxix.  1&80,  |i.  «12.  Saimdby  :  EUna.  M. 
R«T.,  rrli.  18fi5,  j..  <9. 
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THE  BLOOD— (Continued) 

Rheumatism  (/5«7<.aTw/<ids,  '/  drfiurion). 

449.  The  pathology  of  this  disease  is,  at  present,  in  a  most  unsatis- 
factory state,  indeed,  so  much  bo,  that  it  may  fairly  be  asked  whether 
we  poseese  any  pathology  at  all  of  the  disease.  Like  most  ailments  of 
whose  cause  we  know  nothing,  tlioories  have  been  rife  in  all  ages  re- 
garding it,  l>ut  experimental  confirmation  of  the  validity  of  any  one  of 
them  has  as  yet  completely  failed. 


LIMITATION  OF  THE  DISEASE. 

It  is  questionable  whether  some  of  the  subdivisions  accepted  by 
variou.s  authors  can  bo  regarded  as  distinct  varieties  of  the  disease. 
The  border-land  between  rheumnivsm  and  gout  seems  ivs  yet  ill  defined, 
so  that  some  authors,  even  of  late  years,  suppose  that  the  one  may  be 
complicated  bj'  the  other  and  so  give  rise  to  a  so-callod  rlieumaiic  gout, 

Hutcliinsou  (No.  264,  u.  18S1,  p.  92,  98)  still  rcUiius  the  idua  that  rkemiut- 
ti«m  may  be  coiiijilicatctl  with  gout,  partly  front  gouty  <le]>08its  of  urate  of  soda 
being  found  in  nud  oroanil  joiiiU  shuwiug  a  diatiurtly  rheumatic  character,  partly 
from  the  accoiiipnn}niig  syinptoiiis.  OturtHl  (No.  264,  ii.  1881,  p.  97),  however, 
raunot  agree  with  him  in  this,  iitid  views  the  two  maladies  as  of  distinct  and  separate 
origin.  He  calla  in  question  the  possibility  of  distiuguiahiug  between  them  by  the 
study  of  their  oflccts  upon  the  joints. 

The  opinion,  however,  at  the  present  day,  is  pretty  generally  ac- 
cepted that  the  presence  of  uric  acid  in  excess  in  the  bloo^i  and  tissues 
is  indicative  of  gout,  and  that  its  deposition  within  a  joint  or  soft 
tissue  is  proof  of  the  gouty  nature  of  the  disease. 

There  is  also  reason  to  doubt  the  true  rheumatic  nature  of  the 
•o-called  rheumatism  which  follows  gonorrluea.  Garrod  (No.  264,  ii. 
1881,  p.  97)  believes  that  it  is  more  closely  allied  to  pywmiu  than 
to  either  rheumatism  or  gout.      His  grounds  for  this  opinion  are, 
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that  urethral  rheumutism  has  on  esBentially  pimilcnt  tciidency,  nu 
infrequently  ending  in  suppuration  of  the  joint  or  iit  the  forauttkiD  U 

lulhcsions. 

STATE  OF  THE  BLOoD. 

In  acute  articular  rheumatism,  tho  blood,  m  pointed  ool  by 
Sydenham  (No.  369,  p.  257),  closely  roMmblw  that  foaiMl  m  dm 
phlegmosiie  (see  Sect.  375).  It  contains  an  exceas  of  /SftrM,  and  W- 
comes  bulfed  and  cupped  on  coagulating.  Tho  (pi&ntity  of  fibrin  mar 
amount  to  4  to  10  parts  per  mille  (Andral  and  Gavarret),  nad  the 
clot  is  cons<^quentIy  particularly  firm,  the  Ituffy  layer  measutii^  fnai 
4  to  10  nun.  thick.  Tho  albtimin  '\&  (|uantittttivcly  defectire,  an4 
the  number  of  coloured  corpuscles,  according  to  Malas^-z.  i^  rliminJaheiL 
Clots  of  anlf-morfcm  formation  are  by  no  means  infroqu  lod  in 

the  heart  and  blood-vessels,  sometimes  in  the  blood-veuc.  u.j  brain- 
It  has  often  been  assortctl  [primarily  by  Prout  (No.  351,  p.  81  >. 
and  subsequently  by  Todd  (No.  272)  and  Fuller  (No.  270)]  that  UctlC 
acid  i.4  present  in  excess  in  the  blood,  but  such  has  never  bees 
abso]ut<Oy  proved.' 

Tho  serum  preserves  its  alkaline  reaction,  and  its  solids  ate  dimia-^ 
ished  (Becqueral  and  Rodier).     The  htm  has  b«ea  stated  by 
to  be  in  excess. 

STATS  OF  THE  JOINTS  AND  OTHER  INFLAMED  I'AUTH 

It  is  not  often  that  an  opportunity  offers  itself  of  oxaminiaf  tte 
state  of  the  joints  in  acute  rheumatism,  but  in  such  casea  in  i^ick 
an  inspection  has  been  obtained  after  death  the  up|>eanutoc8  veit) 
much  like  those  of  acute  inflammation  of  the  joint  from  other 
The  whole  of  tho  soft  tissues  of  the  joint  seem  to  be  \mi 
Tho  synovial  membrane  is  thickened  and  injected ;  it«  epitlifllni 
is  shed,  and  at  parts  it  seems  to  be  infiltrated  with  inflaauaalary 
exudation.  In  still  more  advanced  coses,  it  may  almoat  nnm<  !• 
resemble  a  granulating  surface,  \nth  minute  blood  extravasatiooa  V|HB 
it,  and  pus  may  actually  be  discharged  into  the  cavity  of  tlie  joiafL 
As  a  mle,  however,  suppuration  is  rare,  although  an  excess  of  syMviid 
liquid  will  usually  be  met  with.  Thia  liquid  presenta  a  thiek  ▼{■&! 
appearance  with  numerous  inflammatory  cells  iu  it.  It  has  ootniaoaly 
the  ordinary  colour  of  synovia,  but  in  some  examples  is  deeply 
stained  with  blood.  It  poi^sesses  an  alkaline  reaction  and  *«r**fr' 
much  idbumin  and  fibrin  (Senator). 

Tho  cartilages  are  not  much  altered,  unleas  as  a  sequela  to  tlw 
rhcimintic  alTection,  when  they  may  ulcerate  and  the  whole  jiaaft 
lieccimo  disurgani'^iMi.  The  epiphyses  of  the  bones,  with  (be  «• 
caption  of  a  little  undue  vascularity,  are  nut  much  involved. 

The  surrounding  fibrous  textures  of  the  joint  are  usnaHy  {»• 

'  OonitiU  G«cllo  on  bctk  seid.  ArcKf.  Ami.  «.  l'\t*ieL,  Vkp^  Ak.  16M^  |k  KML 
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filtratetl  and  cedomatoiia,  and  an  inflammatory  cellular  exudation 
pervades  them,  as  in  the  case  of  the  synovial  membrane.  In  other 
tendinous  structures  affected  by  the  inflammation,  an  analogous  con- 
dition is  met  with. 

Apart,  however,  from  the  mere  joint  and  tendon  maiiifestations  of 
acute  rheumatism,  there  are  others  afFecting  vital  parts  of  even  greater 
importance.  These  are  comprised  in  inflammations  of  the  endo- 
and  pericardium,  and  of  the  pleura.  For  particulars  rogarduag 
them,  tiio  reader  is  referred  to  the  chapters  on  the  circulatory  and 
respiratory  organs. 

THEORrES  AS  To  ITS  CAUSE. 

(1)  Cold. — A  very  old,  and  at  the  present  day  still  prevalent 
opinion  is  that  acute  rheumatism  is  due  to  exposure  to  cold  and  damp. 
It  is  generally  supposed  that  exposure  to  cold  checks  the  natural 
secretory  functions  of  the  akin,  and  so  causes  the  retention  of  effete 
matters  in  the  blood  Fuller  (Na  L*70,  p.  2  et  scq.)  sti-ongly  opposed 
this  doctrine,  pointing  out  that  in  many  cases  there  is  no  such 
liistory,  and  that  a  period  of  ill  health  generally  precedes  the  attack 
for  several  days,  thus  indicating  some  previous  disturbance  in  as-simi- 
lation  or  metabolic  interchange. 

(2)  Presence  of  Lactic  Acid. — Lactic  acid  is  a  constant  con- 
Btituent  of  the  urine  in  acute  rheumatism,  and,  as  previously  referred 
to,  has  been  supposed  to  be  in  superabundance  in  the  lilood.  Such, 
however,  has  never  been  proved  to  bo  the  case.  It  is  only  right,  how- 
ever, to  state  that  Senator  (No.  206,  xvi,  1877,  p.  29)  rather  favours 
the  view  that  if  the  secretion  from  the  skin  be  suppressed  by  cold,  or 
otherwise,  lactic  aciil  may  accumulate  in  the  blood,  and  possibly 
might  account  for  the  symptoms. 

The  prevalent  noiioti  (Headlarul,  No.  271)  in  former  times  was 
that  the  lactic  acid  was  not  oxidised  and  thus  mechanically  accumu- 
lated in  the  blood.  Fidler  (tuc.  rit.)  was  strongly  in  favour  of  this 
view,  which  alone  of  all  theories  hitherto  propounded,  he  held,  was 
reconcibibte  with  admitted  facts. 

Latham  (No.  G,  1880,  ii.  p.  977)  explains  the  probable  presence  of 
lactic  acid  differently.  With  others,  he  regards  the  inhibition  during 
life  of  the  chemical  changes  which  the  tissues  would  ordinarily  suffer, 
were  they  dead,  as  being  controlled  by  the  influence  of  certain  nervous 
centres.  U  these  centres  be  deranged,  as  he  assumes  they  are  in 
rheumatism,  lactic  acid  would  form,  would  accumulate  in  the  muscles, 
and  thence  would  be  absorbed  iiito  the  blood. 

(3)  Organismal  Theories  of  the  Disease. — These  have  not 
been  wanting,  and  at  the  present  day  micro-organisms  of  various  kinds 
have  been  alleged  to  l>e  productive  of  the  malady. 

Miiclit|pin  (No.  273)  Icwlc.s  upon  wutc  rlK^umatiHtu  as  of  a  miA.snmtic  iiatnro,  cloaely 
allied  to  marsh  fever.     He  dnwa  a  fmrallel  between  the  boneKcial  action  of  wdicylio 
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arid  in  tbe  one,  and  ([uiniae  in  the  other ;  and  regards  the  banefleial  iaflaaMi  M  tW 
former  aa  due  to  its  gr^miioidal  propertii* 

Hoeter  (No.  274)  traces  tbe  entmncc  of  a  inicTOCOCcoa  into  the  blood  IhnrBjfc  tW 
sweat  ducts  of  the  skin,  and  this,  he  thinks,  may  be  the  caum  of  all  the  "rt^'^M 

Petrone  (No.  49,  18S6,  ii.  p.  269),  by  withdrawing  th<<  liquid  from  a  jottt  i*  HMk 
rlicuniatiiuu,  was  enabled  to  iaolatu  a  microcoocoa  froiu  it  which  he  hallb  it  '*"■'*"■* 
with  that  found  by  Klcbs  in  rheumatic  endocarditlt. 

Guttmaun  (No.  49,  1886,  ii.  p.  289)  found,  on  making  oultnrs  of  tbe  lii|«U  feiM 
a  joint  from  the  ])ericanlinm,  and  from  a  kiduoy  absoeiB  of  a  boy  who  imi  tnn  aoife 
rlteumatism,  that  the  only  organi&m  obtainable  from  them  waa  Stqph^oeotiim  tmnm^ 
the  common  orgnuiiim  of  suppuntion,  and  that  thia  waa  |iKae&t  in  ■Ininiteill 

LitrMture  ok  /tA^MMolum.— Brieger  (Connection  with  Nerron*  DlMaae) :  BMi  Ite. 
Wochoschr.,  xxiii.  1886,  p.  149.  Bucquoy :  Oaz.  d.  hOp.,  liv.  lt)»I,  ]>.  (^10.  FrtaA- 
Under:  Verhandl.  d.  Coufr.  f.  innt-rv  MhI.,  Wi«»b.,  ir.  1.SS5,  p.  403.  Fodlar :  IML 
Med.  Joura.,  I8«t8,  aboon  Rhenmatinni,  Khrumatic  Gout,  and  Scialira,  1852.  Gflflia 
lUcUc  A>.id  ill  Blood) :  Arch.  f.  Physiol.,  1886,  p.  400.  GaiTOd  :  Oyoohb'  SyiL  af 
Mud.,  vol.  i.  Haadfield  Jones :  Me<L  Pres.  asdCirv.,  1868.  Homolle:  BhaaiM- 
liwiie,  N.  diet.  di>  imd.  et  cliir.  prat.,  xxiL  1882,  p.  548.  Howard  :  Srrt.  AwL 
Med.  (Pepiier),  iL  1886,  p.  19.  Macla^^mn:  Rhrnmntiani  :  its  NuturF,  lU  hlhiifcp. 
and  it!  Suooanful  IVeatnient.  Pagfnier:  i:!u>ai  .lur  I'l'tiuloirK'  ilu  Atmmittm 
articnUire  aign,  1884.  Quenstedt :  Znr  ArtioL  dvr  iUitumaritiriU*  aoitai^  UK 
Riedel :  Ueb.  den  akuten  Gwleukrheumaliaiouis  1869.  SeojUor :  Cyr).  of  PimI  «f 
Med.,  V.  Ziemnen  (traunl.),  xri  1377,  {>.  3.  Vogel :  RheiimatkBaaa  a. 
Vlrchow's  Handbnoh,  18£4. 


Rheumatoid  Arthritks. 
{Su  Diseases  of  Bone  and  Joints). 


Gorr  (Fr.  gaatU;  Lat  ^uMo,  a  drop). 

DEFINITION. 

450.  Tbo  disease  is  a  more  or  lees  general  one,  iufluenciiw  w 
organs  and  tissues,  and  manifesting  itself  externally  in  cbalk-likB  ^ 
posits  of  urate  of  soda  in  tbe  small  joints  of  the  toes  and  fin^n,  ia 
the  tips  of  the  ears,  and  in  other  k^calities.  The  {mrt  which  anflfaii 
most  frequently  is  the  mctatarso-phalangeal  joint  of  the  graat  test 
The  term  Podagra  (iruvf,  a  foot,  and  •ly^xt,  seizure)  is  applied,  strictly 
speaking,  to  this  local  manifvetution  uf  the  dieease  in  the  foot,  bat 
loosely,  is  employed  synonymously  with  gout  in  it«  wider  acceptation. 


CAVSE. 

Undoubtedly,  as  first  demonstrated  by  Garrod  (No.  34,  xjcxi  1846, 
p.  83  ;  Xo.  275  ;  and  No.  209,  vol.  L),  the  immediate  cause  of  the 
symptoms  is  an  excess  of  uric  acid  in  the  blood.  For  some  rmoa,  \ 
is  nut  entirely  eliminated  by  the  kidnuy^  but  is  deposited  in  the  : 
of  concretions  in  the  joints  and  in  other  parte  of  the  body. 
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SOURCEfi  OF  URIC  ACID. 

451.  Uric  acid  (C^H^N^Oj),  in  tlie  form  of  urate,  is  a  constant  con- 
stituent of  the  urine  of  luarniiiiils,  ami,  in  very  small  quantity  (OOfi  per 
mille  or  less),  also  occurs  in  the  blood.  Being  I>ut  sparingly  soluble  in 
water  (1  in  14,000  i»arts  cold  wat(>r,  and  1  in  1800  hot — Hojipe-Suyler), 
it  exiats  in  both  of  these  situationa  in  combination  with  alkalies,  form- 
ing salte  which  are  also  only  sparingly  soluble  in  water,  although  more 
soluble  than  the  pure  acid. 

Ill  the  cells  of  the  ki<liiey  and  elaawhero,  ai-otirdiiig  to  Bence  Jones  (No.  262,  1867, 
I'.  109),  a  proceaB  of  oxidation  occurs  in  health  ;  other  ncids  are  thereby  producwl, 
and  the  alkaline  urates  are  likowiso  trausfornicd  into  more  add  urates  which  poaa 
ont  of  the  kidneys  to  the  omouut  of  6  to  10  grains  of  uric  acid  daily. 

The  salu  which  are  found  in  the  urine  are  accordingly  acid  urates, 
chiefly  of  ammonium  (CjIL,{NH^)N.,OJ,  sodium  (C.UjNaN^O,),  and 
potassitun,  the  lost  being  in  the  same  relation  to  the  acid  as  the  so<liuni 
in  its  corresponding  sidt  (Hoppe-Seyler).  The  salt  which  it  forms  with 
lithia  is  the  most  soluble,  hence  probably  the  beneficial  effect  of  this 
substance  in  eliminating  uric  acid  when  administered  medicinally. 

Uric  ai'i<l  in  au  important  constituent  of  tlie  luijio  of  rcptilejt,  wlicrt  it  apjioara  to 
take  tliv  pluce  of  urea  in  excreting  nitrogen.  It  ia  also  abniidant  in  thi.'^  urine  of 
Hrds.  It  is  present  only  in  very  small  proportion  in  ttie  urine  of  htrbitxara  (Qorrod), 
tet  is  in  quantity  in  that  of  eartiivora. 

There  seems  little  doubt  that  it  is  to  be  regarded,  ultimately, 
although  not  immediately,  as  a  product  of  oxidation  uf  albimiinoua 
substances;  and  is,  after  urea,  the  next  most  important  means  of 
removing  nitrogen  from  the  system.  The  quantity  shed  in  the  urine 
increases  with  the  taking  of  food,  and  decreases  with  hunger. 

IJence  Jones  (No.  65,  Pt  ii.  IB-O,  p.  235)  found  the  amount  excreted  in  the  urine 
to  vary  in  the  follomng  manner  : — 

8P.  OB. 

I  from  0-048  groins  per  1000  grains  of  nrine,  1026 '3 


Before  food  (mixed  diet) 


After  food  it  varied 


O'lr 

0-39 
0-92 


Os  VEciETAnLB  Food — 

Before  food,  ....     0-049 

After  food, 0636  „ 

On  Animal  Food — 

Refore  food,  ....     0049 

After  food 0-77  „ 

After  tlii«e  days  of  nninial  food  onl^-   1'022  ,, 

,,  „  vegetable     ,,  lOlO 

Lehmann  (quoted  by  Garrod)  made  a  niunbor  of  experiments  on  his 
own  person  m  reference  to  the  influence  of  diet  upon  the  excretion  of 
uric  acid.     He  found  that : — 


1023  1 
10-21 -0 
1031-1 

1024  0 
1026-2 

1024-8 
1029-9 

1027-8 
1026-6 
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On  •  strictly  Tcgctable  diet  tic  ]«8sed  in  24  hour*  1 5 '6  grmiiu  of  arir  wAL 
On » mixed  diet  ,,  ,,  17        .,  ,i 

Oo  a  strictly  animal  diet  ,,  „  21 'fi      „  ,, 

Although  an  animal  diet  thus,  apparently,  has  tbo  effect  of  naiqg 
the  quantity  excreted,  yet  it  cniinot  be  the  only  cause  of  Um  prwM» 
of  uric  acid,  for,  aa  pointed  out  by  Latham  (No.  27fi,  p.  7),  tha  Of 
nivorous  lion  and  tiger  excrete  little  uric  acid,  but  nbundanoe  of  ttna, 
while  in  the  urine  of  the  equally  carnivorous  python  and  bo*  Uicn  ii 
no  urea,  but  abundance  of  uric  acid.  The  diet  which,  in  on«  dam  d 
animals,  produces  urea,  in  another  class,  gives  rise  to  urie  and. 

There  are  good  grounds  for  believing  that  the  waate  in  tba  i 
ofmmcle  and  other  albuminous  tissues  is  another  »ourc«  of  nrie  add.  In 
quantity  in  the  lu-ine  is  augmented  by  exercisi%  and  during  Um  ona 
of  fevers  a  copious  discharge  of  urates  frequently  oocnriL 


RELATIONSHIP  OF  URIC  ACID  TO  UREA. 

452.  It  is  a  notion  which  is  pretty  widely  entertained  that  uric 
represents  nitrogenous  waste  in  a  less  highly  oxidised  state  than 
in  the  form  of  urea. 

B«BM  Jones  (No.  202,  1807.  \>.  1S()  vgwfi  tliat,  jnat  aa  truy  (raia  «( i 
taken  aa  food  paaam  thiongh  the  stofpi  of  migar,  m  almost  orery  gnia  of  i 
mibatanoe  that  ontonr  the  blood,  sooner  or  lat«r,  in  ita  way  out,  |iaaa«a  lttliMH,b  lW 
■ta^  of  uric  acid,  unit  if  thoroughly  oxidised,  mcapea  aa  uma,  rjirl«wiir 
water. 

There  are  several  facts  which  seem  to  lend  8up|>ort  to  the  tdaaj 

(1)  It  hta  been  found  (Frcrichs  and  Wuliler,  No.  20,  Ixr.  p.  S3S)  tka  en 
an  animal  with  urir  arid,  tli«  uroa  diaoliargi<d  by  the  kidni<y»  ioemaaa*  wUlo  I 
acid  is  not  aogmented. 

(2)  Bartcl'a  cx]icrimcnta  (No.  140,  L  1806,  p.  IS)  wnnt  to  abon-  that  ia  all  ^Ir 
tnrbanoea  to  the  frc«  interchange  of  gaaoa  in  the  Inng,  the  quantity  of  vrie  tai 
{noreaaad  in  the  urine.  Senator,  however  (No.  13,  xUL  IMA,  \k  1),  vaa  tmaU*  la 
corroborate  thuae  reaolts  expcrimvntally  in  all  caaea, 

(8)  Bepttlea  (opliidiant  and  aaurians)  wiioao  raapiration  la  languid,  aserrt*  a  kqp 
quantity  of  uric  acid,  bat  in  opposition  to  this,  biida  with  rairid  and  free  i 
do  so  also. 

(4)  The  urine  of  newly  bom  rhildreu  <yintaiaa  motv  nrir  add  than  that  of 
and  occaiinually  uric  acid  is  ilL'[ionted  in  them  aa  inikiotion-lika  maMsa. 

(5)  Uric  acid  is  increased  in  the  urine  of  Irukiemic  individaali  whara  llw  i 
baarfn^;  coloured  btooil  corpusclra  are  dimiiu*he<l  in  number.     Uvn,  hmww 
■plaon  ia  enlarfjnl  and  u  in  a  nmrhid  atata,  and  pmliably  thla  may  havv  ( 
to  do  with  ita  increaami  formation. 

(0)  Aa  indicated  by  Latham  (No.  276,  p.  (),  one  of  the  main  graonda  tor  tim  hypa- 
theab  that  uric  acid  is  due  to  defective  oxidatioa  ia,  that  it  ean  be  ifillt  op  by  mmam 
ofooddiaing  agenta  into  urrv  an>l  other  aohatanoes.  Thun  when  oxiiliaal  by  aitnc 
acid,  it  iaoouvertoci  into  alloxan  and  urea  (Fownrai,  Na  247,  |>.  403;  l^rln.  9*. 
164,  p.  467), 
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C.H.NA  +  0  +  HaO  =  C.H  JIA  +  CO  |  JJ^» 
Urif  Acid.  Allnxnii.  Urea. 

And,  farther,  when  alloxan  is  boiled  with  a  strong  alkali  or  with  baryta  water,  it  is 
dsooinposed  into  lursoxalic  acid  and  urea, 

C,H,NsO,  +  2  H5O  =  C,HA  +  CO  {  gj' 

Alloxan.  Mesoxalic  Urea. 

Add. 

Other  oxidising  agents  such  as  lead  dioxide,  aimilai'ly  convort  it  into  area  along  with 
allantoin  and  oxalic  acid  (Fuwnoa,  Inc.  ci/,.,  p.  412). 

2  C,H4N40,  +  0,  +  6  HjO  =  I'^H.K A  +  2  CjH.O,  +  2  CO  |  ^^ 
Uric  Acid.  Alkdtoiu,  Oxalic  Acid.  Urea. 

It  seems,  therefore,  problematical,  to  say  the  least  of  it,  to  affirm 
that  the  relationship  of  uiic  acid  to  urea  is  simply  one  of  8ul>oxidalion. 
The  connection  between  tlie  two  is.  in  all  probability,  more  subtle. 

I  Latham  (No.  276)  has  lately  thrown  much  light  on  the  possible 

bearing  of  the  one  upon  the  other.     His  theory  is  briefly  the  follow- 
ing:— 

Glycocholic  acid,  one  of  the  acids  contained  in  the  biliary  secretion, 
Clin  be  converted  by  Iwiling  with  alkalis  into  glj'cocine*  and  eholic  acid 
(Fownes,  Ive.  cit.,  p,  622). 

C^H,,NO,  ^  H,0  =  C,,H,„0,  +  CH.,  {  ^^^^ 
GljcochoHc  Acid.     Cholic  Acid.     Glycocine. 

The  same  decomposition  occurs  in  the  alimentary  canal,  and  after  the 
acid  has  served  it«  purpose  in  digestion,  the  glycocine  is  absorbed  into 
the  circulation  to  be  converted  into  urea  and  eliminated  by  the  kidneys. 
It  is  probably  carried  directly  to  the  liver  by  the  portal  vein,  and  he 
is  led  to  believe  that  among  tlie  numerous  metabolic  events  which 
occtir  in  the  hepatic  cells,  the  formation  of  urea  from  it  and  similar 
bodies  may  be  ranked  as  one. 

It  is  not  correct,  however,  to  say  that  the  whole  of  the  glycocLn  is 
transformed  into  urea.  A  portion  of  it  is  eliminated  as  a  constituent 
of  uric  acid.  In  bringing  this  about,  the  glycocine  apparently  combines 
with  urea,  or  the  immediatp  antecedent  of  urea,  in  the  liver,  the  con- 
jugation of  which  by  the  gland  would  produce  either  liydantoic  acid  or 
.in  acid  ho  refers  to  as  containing  two  molecules  of  CONH. 

These  dehydrated  would  be  converted  respectively  into  hydantoin. 

(NH-GO 

co]  I 

or  into  the  substance 

'  Glycocin.  glycocol,  or  glycln,  CiH,NOt  is  a  deeoniposition  product  obtained  by  l)i« 
action  of  acids  and  alkalis  npon  albuniinoiia  ancl  albuiniuold  substances  such  os  glne, 
gaUtin,  and  fibrin.     It  is  geoerallf  regarded  as  being  auitdo-Bc«Uu  acid. 
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I  NH 

CO]  NH  -CH. 

If  it  be  liydantoiii  which  is  formed  in  the  livor,  then  on  uririjif  it 
the   kidney  it  must  be  conjugated  with  biuret  (C,il,N,0^  lu  htm 

imimonium  urate. 

(  NH  -  CO         CO  -[  ^^» 
CO  ,  I     +  NH  =  H,0  +  CjHjN.O, .  NH. 

Inh-ch,      COJj^jj^ 

HyJuitoin.  Itiiir<  t.  Anunoiiinin  Urtta. 

If  the  latter  substance,  it  would   bo  conjugated  with  unst  and  b« 
excreted  as  ammonium  urate. 


col 


NH  -CO 


CO^  +  NH  =  H,0  +  C.H.N.O, .  NH^ 

Urck.  AiuuuiDium  Untc 

He  regards  the  forrnvr  combination  ax  more  likely  to  take  plMB  I 
tile  system  than  the  latter.     If,  from  any  cause,  the  elimiaaCaoa 
urate  of  ammonia  by  thu  kidneys  were  hindered,  a  portion  aigbt 
retained  in  the  blood  and,  meeting  with  soda  in  the  blood,  be  ooarertM) 
into  sodium  umte,  the  form  in  which  it  is  deiiosited  in  gouty  jotnu. 

STATE  OF  THE  BLOOD. 

4S3.  According  to  Oarro<l  {I^k.  cit.)  the  fibrin  undergoee  the  i 
variations  ixs  m  other  iiiflamiuatory  diseases.  When  a  patient  it  i 
from  an  acute  attack,  it  may  increase  up  to  4,  5,  or  6  parU  ia 
1000,  the  augmentation  being  in  proportion  Ui  the  intensity  of  tkt 
inflammation ;  but  in  chronic  gout,  it  may  remain  iu  it«  nofiDal  pro- 
portion. He  does  not  regard  the  amount  of  fibrin  aa  bearing  taj 
constant  proportion  to  the  diseam,  but  merely  as  depending  npon  a> 
amount  of  local  intiammation.  It  may  therefore  be  buffed  or  '^pji$4, 
on  withdrawal,  or  it  may  present  no  abnormal  feature 

The  serum  appears  to  be  usually  of  lower  8t>ocific  gravit}*  thaa  n 
health,  but  in  coses  of  acute  gout  occurring  in  robust  subjecta  tliia  it 
not  8*». 

It  always  contains  uric  acid  in  the  shape  of  urate  of  SOda,  «Uch 
salt  can  be  obtained  from  it  in  a  crystalline  form.  In  htaltky 
there  is  a  mere  trace  of  uric  acid,  but  in  ijout  it  may  amount  to 
0*060  up  to  01 75  grain  per  mille  or  even  more.  It  diminiabca  n 
quantity  or  seems  to  di8api)ear  when  decompocition  of  blood  d(»va 
during  life  has  sol  in. 
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The  urea  is  siiid  to  bo  sometimes  incrciiFied  in  gouty  hlood,  hut  is 
diminished  in  the  urine,  hence  showing,  in  all  probability,  thnt  there  is 
some  difficulty  in  elimination  from  the  kidney. 

Oxalic  acid  is  also  frequently  present. 

METHOD  OF  BETECTING  EXCESS  OF  URIC  ACID  DURING  LIFE. 

454.  A  cantharides  blister  ought  to  be  applied  to  the  skin,  not  over 
an  inflamed  joint,  but  at  some  distance  from  it.  When  a  bleb  bus 
formed,  it  should  be  tjipped  with  iin  aspirator  and  the  liquid  be  received 
in  a  shaUow  Hut  glass  capsule.  To  this  add  acetic  acid  of  medium 
strength  dVo)  '"  t'l*-!  projiortton  of  six  minims  to  each  fluid  draulim  of 
serum.  When  the  two  are  well  mixed,  introduce  one  or  two  ultimate 
fibres  of  unwa.-ihed  huckaback  or  other  linen  f.ibric,  which  should  be 
depressed  with  the  point  of  a  glass  rod-  Set  aside  in  a  cool  jtlace,  vnth 
a  dry  atmosphere  of  gentle  warmth,  until  the  serum  is  almost  dry.  If 
uric  acid  is  present,  it  will  cry.'Jtallise  on  the  thread  in  the  form  of 
rhombs,  and  may  \>e  examined  with  a  low  magnifying  power  (Garrod). 

The  amount  of  uric  acid  in  fuullhy  blood  is  so  small  that  it  cannot 
be  recognised  by  the  thread  test     Hence  this  test  comes  to  be  an  im 
portant  «id  to  diagnosis. 

FATHOLOOICAL  ANATOMY. 

455.  The  anatomical  lesions  chiefly  consist  in  the  drposition  of  umlf 
of  soda  in  the  joints  and  ligaiMnlous  ur  otftcr  ftbrom  sh'uctureji.  The  small 
joints,  such  as  the  metalarso-phalangml,  or  the  mdacarpo-phdawjml,  are 
most  frequently  the  seat  of  these  deposits,  but  the  fUtoiP  and  ktfi'  are 
also  sometimes  implicated.  Of  all  the  joints  of  the  body  the  meta- 
tarso-phalangeal  of  the  gjeat  toe,  as  before  statecl,  h  that  in 
which  the  inH.nmmation  first  shows  itself.  Many  explanations  have 
been  attemjjted  to  be  given  of  this,  all  of  them  more  or  less  unsatis- 
factory.    The  helix  of  the  ear  is  another  favourite  se;it. 

The  affected  joint,  in  an  acute  attack,  becomes  hot,  red,  swollen, 
and  i>ainful,  and  when  the  disease  becomes  chronic,  chalk-like  masses 
of  lu-ate  of  soda  and  lime,  or  tophi,'  are  found  in  the  ligamentous 
tissues  around  it.  They  are  also  sometimes  seen  in  the  helix  of  the 
ear  and  elsewhere.  The  skin  becomes  attenuated  over  them,  and  may 
finally  give  way,  allowing  the  chalk-like  mass  to  protrud& 

When  the  joint  is  examined,  its  cartilag^es  are  usually  found  to 
be  infiltrated  with  a  plaster-like  dejiosit  of  urate  of  soda.  It  is  almost 
colourless,  and  may  sometimes  resemble  an  efflorescence  or  encrustition 
on  the  surface.  CJarrod,  however,  states  that  there  is  always  a  thin 
boundary  layer  of  cartilage  superficially. 

There  is  not  the  same  tendency  to  destruction  of  the  cartilage  as  in 

'  Schroeder  v.  d.  Kolk  (quoted  by  Warner,  No.  211,  p.  678)  found  the  toplii  from  the 
tiagers  and  other  portii  of  k  gouty  patient  to  coutaiu  a  large  proportion  of  urate  of  lime. 
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some  forma  of  rheumatism.  Wheu  the  urates  are  tliMolvad  out,  tkt 
cartilage  may  often  not  present  any  very  marked  abti'  «rra 

when  examined  inicroscopiciilly.      In  other  cases,  howerr:  .  ubgr 

becomes  eroded.  The  more  chronic  the  case,  the  greater  is  ihe  UBOoat 
of  the  deposit.  The  deposit  seems  to  avoid  the  vascular  firJQges  (d 
the  synovial  meDibnuie;  it  is  particular!}'  in  parts  poorly  nppBad 
^vith  blood  that  it  finds  a  suitable  nidus.  The  contents  of  the  joott 
are  usually  thick  synovia,  sometimes  with  a  tlake  of  (ibhn  in  it. 

In  chronic  cases  of  gout,  the  kidney  ^hows  in  maity  'Tf^^n^T 
most  marked  evidence  of  cirrhosis.  It  was  munetl  by  Tuld  tbe  "goolj 
kidney  "  on  that  account.  It  is  often  Wii^ted  down  to  oDA-half  or  evm 
one-third  of  its  normal  size  (see  "  Kidney  "). 

There  seems  little  doubt  that  the  deposition  of  the  orKtes  ta  tlw 
joint  or  other  texture  is  the  cause  not  the  elTect  of  its  inf 


THEORIES  ON  THE  CAUSE  OF  THE  ACGUMVLATlOtt  OF  URJV 
ACID  IN  THE  BLOOD  IN  OOUT. 

4.')6.  TlitT*?  are  of  ooursie  several  jjossibilities — 

(1)  Decreased  Solubility. — A  pla\isible  theory  wm  thai  whiA 
was  advanced  by  Garrod,  namely,  that  the  blood  from  imtiimitd  ttiditf 
becomes  less  capable  of  maintaining  the  urates  in  «(dvlioB.  It  liM 
met  vrith  some  acceptance  from  pathologiata  such  M  Cohnhaim  uui 
Senator,  but  it  seems  doubtful  as  yet  whether  it  can  be  aariooaljr 
entertained. 

(2)  Increased  Formation  of  Uric  Acid. — It  soenu  mar*  }Sk^ 
that  there  is  an  actual  incrcanf.  in  Iht  qunnlUi/  of  uric  add  fomi«d. 

lAtluiiii  kccoiinU  for  it  on  theat  gnrandt,  Ai  previooiljr  expLunl^d  (Sect.  iUX  kt 
rvit:«r<la  thn  liver  u  naturalljr  acting  upon  the  gfljcocine  ahwrliiMl  from  tfac  iatatiaa 
liy  the  portal  vein,  by  which  th*  grwter  part  of  it  u  convrrtod  into  are& 

Sup|K>sc,  fpjiu  atinw  caiiar.  thi*  mctaboliam  of  gl ynor.inr  bo  intemiptMl  (■•  te  I 
interrup(f<l  iiii'la)>oliun  of  ituvh  or  glucuac  iu  diabctn),  thcrre  would  tlMn  b»  ia  I 
};Und  two  iiu)i*tant<c.>i,  (;lyc<>cin«  and  ores,  which  in  the  msmnr  htbn 
would  be  tnin»fortti(.il  into  itrst«  of  aaimoBis  and  »o<l*. 

It  ii  easy  to  t>n>  how  i|i<raii)(nm«nta  of  thr  liver  from  ovor'fMdJag  aa4  tka  t 
acknowMgrd  dietetic  rauaca  of  gout,  might  rfuHly  interfere  with  tha  aetim  ef  1 
organ  iu  roiiyerting  glycociue  into  un»,  and  nwult  in  th»  tmtmii 
uric  arid  inktoad.    Cnnit  ("  (Ktor  man'*  gotit "),  howovar,  is  •  ijliaata  tt  tk»  I 
aa  wall  aa  of  the  ^ivvr-fwl,  and  hn  oxplaint  such  caars  bjr  anpinaiog  that  •im 
localiMd  iu  lb"  mnlulla  ulilongata  or  spinal  conl,  or  in  both,  ao  modiSaa  tU*  I 
tion  of  tho  organ  that  the  metabolism  of  glyrocine  into  ar«a  la  faniffartly  i 
pllahML     The  herotil}-  uf  gout,  h«  think*,  ulgllt  thiM  be  vxiitatiud. 

Physicians  have  long  entertained  the  tropho- neurotic  thtorj  td 
gout  The  doctrine  wan  originally  enunciated  by  Cullen,  atMl  mart 
recently  Duckworth  (No.  0,  1S81.  i.  p.  4G3)  has  revived  it. 

(3)  Failure  in  Function  of  Kidney. — It  is  po«ibl^  ho« 
that  uric  acid  is  nut  only  ])roduced  in  increased  quantity,  bat  ituA 
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fails  to  be  speedily  removed  by  the  kidneys.  The  amuutit  passed  in 
the  urine  during  iin  attack  of  gout  ia  small,  and  the  kidney,  in  chronic 
ctMa>  i8  almost  always  in  an  advanced  state  of  disease.  It  is  a  question 
U  to  whether  disease  of  the  kidney  alone,  as  suggested  by  Garrod, 
would  not  \)e  sufficient  to  occasion  an  increase  of  uric  acid  in  the 
blood.  Ligatwe  of  tlie  meters  iti  birds  and  reptiles  causes  a  sjieedy 
deposit  of  urates  in  the  tissues,  but  in  mammals  thJH  operation  is  not 
followed  by  any  such  effect. 

It  is  [lossible  that  in  a  first  attack  the  powers  of  the  kidneys  to 
excrete  the  eflete  material  may  still  be  uninjure<l,  but  that,  us  in 
diabetes,  the  constant  removal  of  uric  acid  in  such  great  fjuantitj-, 
causes  in  time  a  deterioration  in  their  structure ;  and  that,  con- 
sequently, in  chronic  cases,  there  is  not  only  an  increased  production, 
but  a  diminished  outflow  of  the  obnoxious  substance. 

There  is  a  peculiar  tendency  to  the  accumuhttion  of  uric  acid  in  the 
blood  and  tissues  of  those  who  suffer  from  lead  poisoning,  but  aa 
yet  ita  cause  remains  unexplained. 

Littrature  on  (Joul. — Ad&ma  :  RheuinnUc  Uoiit,  1873.  Atkinson:  Prnctiiioncr, 
xxyL  1881,  p.  415.  Barlow:  Cycl.  Pract.  MeiL,  Tweedie,  i.  184.'.,  p.  332.  Duck- 
worth :  Brit.  Merl.  .Touru.,  1881,  i.  p.  463:  Bmiii,  iii.  18S0,  p.  1.  Diirand-Fardel : 
Union  Mud.,  xixvi.  1883,  pp.  42,  «5.  Ebstein  :  Deut.  Aroh.  f.  klin.  Mod.,  x.'cvii.  1880-1, 
p.  1  ;  aUo,  Eiig.  trausl.  liy  J.  E.  Burton,  18SS;  Med.  Press,  nnd  CHr'.,  ixxix.  1885,  p, 
1  et  Sfq.  Fotherg^iil :  Oout  in  its  Protean  Asfwcti,  1883.  Gairdner:  On  Gout;  its 
History,  itti  Cauiics  and  its  Cure,  1849.  GuTOd  (Gout,  Rlieuniatitini,  and  Bright'a 
Dlseas*) :  Mwl.  Cliir.  Trans.,  Lond.,  xxii.  1848,  p.  83  ;  /bid.,  xxxyu.  1885,  p.  49  ;  uLmr, 
A  Treatise  on  Gout  and  Rhennmtic  Uont,  1870;  al»o.  Art.  in  R«yiiold»'  Syst.  MeiL,  i. 
Hood :  A  Treatise  on  Gout,  Rlieuuiatism,  ami  Allied  Affections.  Hutchinson  :  Tr. 
Intemat.  Med.  Cong.,  Lond.,  ii.  1881.  p.  9'J.  Jaccoud  and  Labadie-Lagrave  : 
Gontte.  N.  diet  de  mM.  et  chir.  prat.,  xvi.  1.S72,  p.  552.  Meldon  :  A  Tri.Mitist'  <..u  Gout 
iitiil  Rbeuinatie  Gout,  Lond.,  1886.  Mendelson  :  N.  Y.  Med.  Journ.,  xliv.  1886,  p.  146. 
Pathology  of  Gout:  Brit,  and  Fur.  lltd.  f liir.  R*v.,  ci.  1873,  p.  46.  Saundby: 
Ued.  Timet  ami  Gnz.,  i.  1881,  p.  32.  Senator:  CycL  Pract.  Med.  v.  Zicniueu  (tnuisl.) 
xvi.  1877,  p.  107.  Sydenham  :  A  Trvnti^r  nu  Gout.  Trousseau  :  Gout,  Lecture*  on 
Clin.  Med.,  N.  Syd.  Sot'.,  1871.  Virchow  (Deiuoiistmtion  of  Gout  Prtipiimtlonsi) :  BerL 
klin.  Wochnaclir.,  xxi.  1884,  p.  75. 

PURPURA  AND  Scurvy. 

457.  These  two  diseases  appear  to  possess  a  certain  bond  of  re- 
lationship, but  so  little  is  known  of  their  pathology  that  this  view  has 
but  meagre  foundation  in  fact.  They  are  both  accompanied  by 
hwmorrhages,  and  it  is  chiefiy  on  this  account  that  the  belief  in  their 
affiliation  has  received  so  general  assent. 


Purpura. 

458.  Definition. — Uuilcr  this  heading  are  comprised  chiefly  two 
affeetioDS  of  whose  identity  many  pathologists  are  as  yet  sceptical. 
One  of  these  i»  purpura  simplex,  in  which  minute  petcchiin  ujioii 
the  skin  are  tlie  chief  external  sip;ns  of  the  disease;  the  other  is 
purpura  hemorrhagica,   morbus    maculosus  Werthofii,  or 
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hzmophilia,  in  which  the  hsmorrhage*  are  much 
and  occur  not  only  on  the  skin,  but  on  internal  parta. 

In  purpura  simplex  the  extravasations  are  very  amaU  aad  ait 
found  either  upon  the  lower  extremitiee  alone,  or  upon  all  the  i 
along  with  the  abdomen  or  breast.  They  do  not  disappear  on 
and  are  unattended  by  itching  of  the  skin.  After  lasting  fat  *  rariakk 
time,  they  disappear.     The  di.suase  does  not  usually  prore  CalaL 

In  purpura  hscmorrhagica,  however,  the  disease  ia  maeh 
formidable,  and  ends  fatally  by  no  means  infrequently.  Tbe 
rhages  take  place  into  the  skin  and  mucous  membranot,  and  an  < 
of  blood  from  the  latter  in  the  form  of  htrmoptiftis,  epi*btriM,  or 
tttrin,  is  not  uncommon.  They  also  occur  upon  the  diflitrBOt 
membranes,  and  into  the  substance  of  several  internal  orgMM.  In  ik* 
kidney  they  form  wtdge-thaped  masses,  and  .similar  deposita  majr  •«■» 
times  be  seen  at  the  periphery  of  the  lung.  Those  in  thA  akin  arv 
either  petechiaa,  petechia  conjoined  with  vibices  (eihex,  a  wheal),  m 
livid  stripes  and  patches.  They  are  red  coloured  at  first,  bat  in  eaant 
of  time  become  livid  or  purple.  Hiiemorrhages  an  readily  eanwd  ly 
any  slight  injury  of  the  surface.  The  gum  are  soi 
but  not  swollen  as  in  scurvy  (Atkinson). 

The  pathology  of  this  disease  is  still  obscure.    Th« 
rhages  have  been  explained  by  a  fatty  degeneration  <>f  the  sninll  v« 
but  such  observations  are  unreliable. 

Ceri  (.\u.  104,  xiu.  ISSl,  p.  461),  on  inocaUtinft  the  blood  of  « 
with  vxtensivo  puri)iirio  htemorrhsgcM  in   vftrious  [nirU  of  tlic 
lipliriura,  ■Jbuminuria,   uid  hiematuria  —  into  the  coiijun- ' 
ToiiDil  that  B  diseaae  or  ■  like  klD'l,  accompanied  by  hirmorrli>„    . 
which  proved  fatal  in  a  few  days.    Tbe  iliwsMi  could  be  tiaaafviml  rra«D  oa«  aalaat 
to  another  by  inoculation. 

It  is  qaestiooable,  however,  whether  the  diieaia  coninianicat«d  may  aoS  !■»• 
been  merely  the  rMult  of  tcptic  oontamination.  Oaapanl  (No.  277,  U.  I83S,  fk  I; 
liitL,  1924,  iv.  p.  I)  long  »go  demouatrate*!  that  haMnorrkagr*  wwftm  ptwhleai  b 
aniinaU  when  potrid  anbatanoea  w«re  iutrodooed  into  their  systama. 

Cheyne  (No.  198,  1884)  baa  found  the  vvneU  hi  the  naighboiirbaoil  of  tW 
h»niorrhaf(M,  in  two  inatanoe*  of  idiopathio  purpura  hcmontia^oa,  plu^ggc4  wItS 
micro-organiama  in  maaKa.  He  holda  thew  to  Ix*  (wmliar,  ftom  the  b«t  dtat  iWy 
form  eolomitt  vrUkin  iKt  eacarlr, «  variety  of  oonfonnatton  aaammrd  only  by  !)»•  typtiatf 
and  anthiax  badllL'  He  luppoaea  that  the  occlusion  of  the  reaaeli  gircs  riar  to  Ifta 
liMBorriia^ta.  In  other  two  caac^  however,  in  which  he  anbaaqoatfjr 
tbe  oigana,  be  Culnl  to  liml  any  mkra-or^uiisma,  an  obMmtioa  wUeli  Imh  i 
to  the  anapicion  tluit  th«  trrm  purpura  inrladra  aeveral  disaaaaa  of  mllka  < 


There  is  no  reason  for  supposing  that  the  fibrin  of  tho  blood  ii 
deereaied  in  ipuntity. 

lilmnhtrtomHtmopkai*  or  htrmaa  lfainurrkafiica.^AaKaMaa:  Die 

ISM.    Awtia  (Baasm^:  Qni»ds  lied.  Rev.,  Ut  18;4-e.  p.  &49.     "-— Tttf- 

'  8ae  alao  eaaes  tvportml  ytr  Runwll  with  examination  bv  Chant,  Nn    <L  I  Ua 
^  414. 
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▼.  Ziemssen's  Cycl.  Med.,  1881,  p.  785.  Ceci :  Arch.  f.  exp.  P&tli.  u.  Pharniakol.,  xiii. 
18801,  p.  461.  Dunn:  Am.  J.  Me<l.  Sc.,  Ixxxv.  1883,  i>.  68.  Futterer :  Zur 
Casaistik.  d.  HB(-nio}iliilie,  1877.  Grenaudier  :  Contribution  a  IVtude  du  I'  lleino|>Iiilie, 
1882.  Hotlowaj:  Cincin.  Lancet  and  Clinic,  xv.  1885,  p.  68.  Immennaan  :  v. 
Seniisen'ic  Uaadbuch  d.  Spec.,  Path.,  (to.,  xiii.  1876,  p.  415.  Kidd :  Med.  Chir. 
Trans.,  Lond.,  lii.  1878,  p.  213.  Koch  (C):  Ueb.  Haemophilie,  1867.  Lapeyre : 
Rechaixhea  irar  la  Natnn  de  rHn^mojihiliv,  1867.  Legg  :  A  treatise  on  H.,  etc., 
1872  ;  aUo,  Lancet,  1881,  ii.  p.  999  ;  uho,  Traus.  Path.  Soc.  Lond.,  ixxiii.  1881-2,  p. 
412;  Trans.  Path.  Sec.  Lond.,  xxxvi  1884-.^,  p.  488.  M'Caw:  iMib.  J.  Med.  Se., 
Ixxii.  1886,  ji.  607.  V.  Meurers :  Die  hoeniorrhnKi''che  Diatheiti',  etc.,  1873.  Mom- 
berger :  Beitrag  zu  Lehre  v.  d.  Hneniojihilie,  1862.  Pepper :  Phila.  Med.  Timed,  xU. 
1881,  p.  109.  Reinert:  L'eb.  Haemophillo,  1869.  Simon:  Rt'ditrches  B»r  I'heino- 
phUie,  1874.  Walker:  Brit.  Med.  Joum.,  1882,  i.  p.  'JO,''..  Werlhof:  Disquihitio 
medica  et  philolo^ca  de  varloliti  «t  aDtbracibus,  1735.  Woelky :  Ueb  Uaeiiiopliilie 
1868.     Woodbury :  Phila.  Med.  Tlmea,  xri,  1885,  p.  913. 


Scurvy  (Scorbutus). 

459.  Whatever  tho  ultimate  cause  of  this  disease  may  bo,  there  is 
no  doubt  that  hemorrhage  is  ono  of  its  most  marked  features. 
The  effusions  take  place  into  the  gkin,  and  later  on,  into  deejier  pnrta 
such  as  the  periosteum  and  the  tissues  in  the  viciniiij  of  joints.  The 
swellings  which  are  seen  so  frequently  around  Imrie,  appear  to  be  in 
great  part  caused  by  hiemorrhage  along  with  a  certain  amount  of 
inflammatory  effusion.  The  swelling  of  the  ffitnts  seems  to  be  mostly 
due  to  the  latter  cause. 

The  skin  also  assumes  a  harah  dry  and  discoloured  appearance, 
with  a  tendency  to  doi^qnamation  of  the  cuticle. 

The  blood  does  not  show  any  abnormality  which  c;in  bo  de- 
tected on  mici'o.9copic  examination,  but  when  analysed,  is  Sitid  to  have 
presented  certain  deviations  from  health.  The  analysis  made  by 
Andral  (No.  278)  seemed  to  point  to  some  amount  of  decrease  in  its 
fibrin  forming  properties.  Busk,  and  Becquerol  and  Kodier  ("Du 
Sang  dans  le  Scorbut,"  in  No,  247),  however,  wore  unable  to  confirm 
this ;  in  a  few  instances,  they  found  it  to  be  iticreasetl. 

Ourrod  (No.  280,  January  18-18),  founding  on  the  facts  that,  in  a 
diet  which  occasions  scurvy,  potash  salts  are  in  small  proportion  ; 
that  the  disease  is  alleviated  by  the  administration  of  antiscorbutic 
remedies  containing  the  substance  in  large  quantity  ;  and  that  the 
blood  and  urine  contain  less  potash  than  in  health,  endeavoured  to 
trace  the  cause  of  the  disease  to  deficiency  in  the  potash  of  the  blood. 
Ralfe's  researches  (No.  59,  1877,  June  16,  and  Jidy  21)  confinn 
those  of  Garrod.  He  regards  a  deficient  alkidinity  of  the  blood 
as  a  primary  factor  in  tiie  development  of  the  disease.  This 
diminished  alkalinity  is  occasioned  in  the  first  instance,  by  an  in- 
crease in  the  acid  salts  in  the  blood  (chiefly  urates),  and  finally  by 
the  withdrawal  of  salts  having  nn  iilkaline  reaction  (chiefly  alkaline 
carbonates). 

Busk  gave  the  following  as  tlie  proi)ortion  of  the  various  con- 
stituents of  the  blood  in  scurvy  in  three  cases. 
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W«ter 

Solid  constitacnU 

Fibrin 

Albumin    . 

Blood  corpuscles 

SalU. 


I>l  Cu<r. 

849-9 

1501 

SS 

H-0 

4TH 

9-5 


JadOu*. 

1641 

4-5 

?«•« 

72-8 

11-5 


t<l 


S48-4 
153  8 

74^ 

M-7 
10-» 


7W-« 

ni-s 

«7-S 


A  Uter  analysis  made  by  Cbalvet  (quoted  by  Wal«i)  m  m  foUov*  - 


W«ter  

Bolid  m«tten  .        . 

Dry  clot 

Albumin 

Fibrin 

Globules 

Extractive  m«tlrr— by  abM)!.  akoliol 
,,  — by  etbwr    . 

A»h  of  clot 

Peroxide  of  iron  of  globule*     . 
Potanium  of  globules 


t'drbuUe  Bkajd. 

8«8-492 

151-608 

140-194 

7  J -804 

(-S42 

63-548 

10812 

1-002 

s-ooo 

1-060 
0'SS9 


TTt-Hi 

mm 


48-717 
8-OU 

O-flSS 


LiUr'tiiire  on  .Srurcv.— Becquerel  and  Rodier  (Bloodt :  Chioil*  p>thol<nt^«»  iML 
Busk  (Hlooil):  Soo  Ref.  in  Sinjon's  Aiiun.il  l-bcin.,  HytL  Soc^  L  1841^  F  B^ 
Buzzard  :  IC^yiioMi'  SyM.  McU.,  i.  Cheadle  :  Uilt.  McL  Jounu  187t,  A.  |w 
Dochek :  ]*itt<a'!i  li&oabuch,  i.  A)..  -2.  iKttO.  Hirsch :  In  hi*  ll&n<ltvoch  d.  Urn 
gaogniiiiv-lieii  I'atli.,  IS81.  Inunermann :  C'yrl.  lYiut.  MwL,  v.  ZUnaaa  (t 
zviL  1878.  Ralfe  :  Unoift,  1877,  ii.  p.  81  ;  uUo,  Aii  luiiuiry  into  Iba  Ommi  IMl 
of  Hcon-y,  1877.  Wales:  Article  "Scurry,"  Aihorit'i  Intoiul.  KbQ«L  «(  &■«. 
I.  1882. 

UrjEMu. 

460.  Definition. — By  ursetnia  is  understood  that  oomhinfttiaB  ti 
symptoms  resulting  from  the  retention  within  iba  blood  of  Uh  namh 
inentilioiis  siibslaiu-t-*  naturally  excreted  by  the  kidney. 

General  Vital  Phenomena. — The  ty|iicul  |)heiiom«ii«  exhihM 
during  life  are  usually  uaberud  in  by  certain  initial  si^j^s  or  pmlrmah, 
such  as  mental  apathy,  insomnia,  ccphalalgitt,  amblyopia,  aud  dyw^mm^ 
These  arc  followed  by  cerebml  symptoms  more  or  lees  acute,  and  Tuy- 
ing  in  character  in  different  cases.  Thus  in  some  they  may  aasniM  a 
convulsive  type,  in  i>ther8  it  may  In:  epileptic,  tetanic,  or  delirioos^Sf 
the  patient  may  pass  into  a  state  of  deep  coma.  Tlivre  is  also 
more  or  less  gaetro-int«stinal  disturbance,  together  witli,  in  many 
attacks  of  iIyspno?a. 

Pathogeny. — The  condition  of  the  kidney  which 
these  sj-roptoms  is  usuidly  one  which  cause*  more  or  leas  retcBtioa  of 
both  the  watery  and  soliil  (nrts  of  the  urine— «ach  as  amU  tmlairU 
nrfJiriiit,  or  uthur  form  of  Bright's  disease  One  acote  disease  of  Ihs 
kid'  dly  liable  to  l>c  the  cause  of  unemic  symptom*  is  y/wwiwW 

tuj'  iter  associated  with  scarlet  fever,  or,  coming  on,  wilhottt  af 

parent  cause.     After  (hildhirth  there  is  a  tendency  to  a  form  u^  iliiwa  . 


CHAP.  XXSIV 


UR^MTA 


549 


of  tlip  kidney  which  prevents  the  free  excretion  of  urine,  arid  this  iiiny 
be  followed  by  unemiii  and  convulsfons.  Wh;it  the  exact  condition  of 
the  kidney  may  be  in  these  cases  is  not  <imte  clear.  The  tubules  will 
sometimes  be  found  choked  with  a  hyaline  substance,  probably  albumin 
in  an  insoluble  form  ;  but  this  is  not  invariable.  Ydioiv  fever  and 
cholera  are  also  somctinie.t  followed  by  ura^mic  symptoms. 

Theories  as  to  its  Cause. — Some  of  tliese  are  foun<ied  on  purely 
anatomical  grounds,  .such  as  that  of  ctrelmil  (mlema,  rrrtbral  amTinia, 
(creiral  anxjudinn^  etc.  Although  the  brain  jiresents  a  typically  blanched 
appearance — at  least  in  puerperal  women  dying  with  unemic  symp- 
toms and  convulsions — yet  it  is  a  question  whether  the  ana?mia 
can  be  looked  upon  in  a  causal  relationship  to  uraemia,  or  whether  it 
is  a  phenomenon  closely  bound  up  with  the  convulsive  state.  If  the 
patient  liie  during  a  convulsion,  the  brain  will  be  found  in  the  above 
aniemic  condition,  but,  if  during  an  interval,  it  does  not  necessarily 
follow  that  it  will  be  so. 

The  chemical  theories  have  met  with  more  acceptance.  They 
are  chieHy  the  followinj;  : — 

(a)  Tlie  Retention  of  Urea  TlKonj. — This  has  long  been  held  to  be  a 
cause  of  uraemia.  Christison  (No.  265,  p.  61)  was  the  first  to  estab- 
lish that  the  blood  contained  an  excess  of  urea  in  Bright's  disease,  and 
since  then  it  has  been  of  course  looked  upon  as  a  very  likely  cause 
of  the  ura^mic  state. 

Feltz  and  Ritter  (No.  267,  1883  ;  No.  266)  found  it  i>088ible  to 
inject  large  quantities  of  urea  into  the  blood  without  inducing  toxic 
sjTnptoms,  and  they  explain  the  positive  results  obtained  by  other 
experimenters  on  the  hypothesis  that  the  urea  employed  by  them  was 
impure,  and  contained  among  other  ingredients,  nails  of  potofJi,  to  which 
they  ascribe  the  phenomena. 

These  conclnsions  have  not  been  confirmed,  however,  by  Gn^hant 
and  Quinquad  (No.  200,  xx.  1884,  p.  3t>3),  wlio,  on  obtiining  chemi- 
calh'  pure  urea,  were  enabled,  by  injecting  it  subeutaneously  in  varion.s 
animals,  to  bring  about  convulsions  ending  fattdly.  The  fatal  doso  in 
the  rabbit  is  about  the  fir  °^  ^^'^  total  weight  of  blood,  and  in  dogs 
it  runs  between  xrifi  t4t>  t^s-  They  believe  that  urea  is  a  poison, 
but  that  in  order  to  be  effective,  it  must  be  injected  in  doses  larger 
than  those  usually  employed.  On  injecting  a  quantity  of  iirine  con- 
taining an  equivalent  amount  of  urea,  however,  the  toxic  effects  were 
seen  to  l>e  much  more  acute,  and  hence  they  believe  that  urine  is  a 
more  powerful  |ioison  than  pure  urea. 

(6)  Carlxmaie  of  Amimmia  Theonj. — Frerichs  (No.  138,  x.  1851,  p.  399 ; 
No.  268)  explained  the  symptoms  on  the  supjiosition  that  the  urea 
underwent  decomposition  into  carbonate  of  ammonia  in  the  blood.  Ho 
founded  this  supposition  on  the  fact  that  urea  readily  decomposes  into 
carbonate  of  ammonia ;  that  carbonate  of  ammonia  is  always  to  be 
found  in  the  blood  of  urremic  individuals  ;  and  tliat  the  injection  of 
carbonate  of  ammonia  into  the  blood  of  animals  causes  symptoms  cor- 
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responding  with  those  of  ursemic  (>oisoning.  That  the  unea  ondoyas 
such  decomposition  in  the  blood  does  not,  however,  a«em  to  be  MCnBr 
home  out  by  later  researches. 

(c)  Potash  Sails  Theory. — Injection  of  human  urine  into  a  van  ia 
animals  certainly  has  the  effect  of  inducing  unemic  sjmpUHoa,  aad  il 
comes  to  be  a  question  as  to  which  constituent  of  Um  aria*  it  ikt 
active  agent.  Feltz  and  Hitter  (No.  267,  1882  ;  No.  266)  hart  hkif 
demonstrated  that  when  tht>  organic  materials  of  a  given  qoaalilj  «f 
urine  are  introduced  singly  into  the  circulation,  none  of  Umoi  Ml 
in  the  same  manner  as  the  urine  t'n  loto.  The  potash  SftltS  cM> 
tainod  in  this  quantity  of  urine,  however,  gave  poeitive  recohs ;  mi 
on  these  grounds  they  conclude  that  the  potasaic  salts  are  the  nk 
toxic  agents  of  the  urine,  and  that  it  is  the  retention  of  th—  ii 
Bright's  disease  which  causes  the  uriemic  s)'mptom& 

(d)  Ptomaini;  Thforii. — There  seems  little  doubt  that  orgaak  albt 
oids  or  ptomaines  normally  circulate  with  the  b]ou<i,  and  are  excNtal 
by  the  kidneys.  They  were  demonstrated  in  Ute  urine  by  Gaatitf 
(No.  200,  xvii.  1881,  p.  333X  and  Selmi  (No.  269,  1875).  They  «a«l 
only  in  small  quantities  in  health,  but  are  capable  of  oonatderayr 
augmentiition  in  disease. 

Bouchard  supposes  that  these  ptomaines  are  in  great  part* 
in  the  intestinal  canal  by  the  organisms  of  putrefaction  ;  and  fav 
the  view  that  uraemia  may  be  explained  by  the   kidney  fafliag 
excrete  them  from  the  bloixL 

High  Arterial  Tension  Theory. — The  remarkable  sahtetr 
efTecta  which  follow  venesection  in  this  disease  have  lod  Bniedbeat 
(No.  6,  1887,  i.  p.  765)  to  suggest  that  high  arterial  tenaion  is  to  bt 
regarded  as  the  proximate  cause  of  the  ureBmie  manifettatiooa. 

LtUratvnon  rnnntu.— Albert :  Allg.  WUn.  ZIuk.,  xtix.  IHA-t,  |>.  3W.  AmBIA: 
SL  Petcrtiig.  idmL  Wochinxclir.,  1S8«{.  iiL  p.  46.  BarteU:  CrcL  PimL  IUL  %, 
Zwtiuseu  (tniuL)  rv.  1S77,  y.  109.  Beraard :  ContiftmtieD  »  l>iii<ia,  Amk  fiBtfim 
dan*  I'ni^mie,  1886.  Christisoo ;  ExUn.  Mm].  Joor.,  xxJtH.  M'i'i,  p.  SeS ;  ^m,  Qi 
OnuinUr  Dcguicntioii  of  thv  KMneyii,  1830.  Feltz  and  Rittcr  (R«i>pnnirfitAl| :  cim/gL. 
rend.  Acad.  d.  Be.,  1874  and  1878  ;  aUo,  De  la  IKinir.  \>-S\.  Fleischer : 
d.  phy*.  mtd.  8oc  ra  ErUafen,  1883-4,  U.  iv-i.  p.  108.  Frerichs :  Archtr,  f.  |>bj«.  I 
X.  ISfil,  p.  399 ;  Ibid.,  xi  186-2,  p.  88.  Gaudens:  &>ui  >ur  U  n<UUoa  niHtmA 
la  canaa  i»  VoxittM  et  aou  expreanion  ■yiupU)iii:iii>|iti',  1  h'^.'i.  Geneatoaz  : 
a  I'itiiib^  da  raWnia  axpitimentale,  1886.  Girandcau  :  .\rch.  g^n.  de  «M.,  ISM^i 
pp.  64,  197  :  olw,  Da  I  Dr^le.  Grehant  and  Quinquad  :  (Uraa  iu  Blood)  < 
rand.  Acad.  d.  8c^  xclz.  1884,  |>.  'Mi.  Labadie-Lag^ve  :  N.  diet,  da  vML  ■« 
prat,  zxxrlL  18^,  p.  84.  Morat  and  Ortille  :  r.-xt.  m'-A.  .Ir  ParK  xiiv.  1879^  p. : 
Miiller:  IVIwrrraniii-,  1885.    O8thoff(n.nmt  K  SuMttlm^  Ula.  Va 

\s%i,  Nn.  -im.    Papeilier:  Uei>,  ciimi,  RKirnn^.-  ions.  mil.  BlAiAtkt  af 

I'ni>niix,  KVk'i.  Peabody :  Mwl.  IUt.  N.  Y.,  kvh.  l^^.•.  p.  SI  Tnabe:  BmL 
klin.  WochiiM-hr..  ir.  1847.  p.  467.  Uriinie  :  Diet,  (ocjrd.  d.  Se.  m&L,  L  14Mt  1^  ttl. 
Voit:  Zcitachr.  t.  Biol.,  ir.  1868.  \,.  77. 

OnuER  Diseases  ix  which  the  Blood  is  Involvbx 

461.  In  cholera,  a^  shown  by  C.  Schmidt  (No.  183),  th« 
become  relatively  inspissated  from  the  draining  away  of  vatar  hf  I 
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intestine.  The  urea  is  also  said  to  be  increased.  The  comma  bacillus 
(Koch),  which  is  so  abundant  in  the  intestine,  has  not  been  found  in 
the  blood  {See  vol.  ii.,  "  Vegetable  Parasites  "). 

In  intermittent  fever  large  quantities  of  pigment  are  found  in 
the  vessels  leading  from  the  spleen,  and  in  the  parts  connected  with 
them  (melanromia).  It  has  a  bhwjk  colour,  aiui  is  granular  in  form. 
A  vegetable  organism  has  also  Ijeen  found  in  the  blood  by  Tomasi- 
Crudeli,  which  he  considers  to  be  the  cause  of  the  disease  (See  vol.  ii., 
'*  Vegetable  Parasites  "). 

For  the  condition  of  the  blood  in  relapsing  fever,  typhoid,  aeptictemia,  etc.,  in 
which  4  specific  vegetable  organism  i»  onid  to  he  present,  consult  voJ.  ii.,  "Vegetable 
Panaites."  The  subject  of  Pytemia  is  described  in  couiieetion  vritU  the  Dijeaaes  of 
the  Blood-retisels ;  and  that  of  the  Animal  Parasites  of  the  Blood  under  "Animal 
Parasites  "  generally. 

Liitmture  on  iitlanamia. — Amstein :  Arch,  t  path.  Anat.,  Ixi.  1874,  p.  464. 
Carter:  Trana.  M.  and  Phyg.  Soc,  Bomboy,  vlii.  188«,  p.  30.  Colin:  Troiti  de» 
fl*TPe»  intermitt.,  1870.  Kelach :  Arch,  de  Phyhiol.,  1S75.  Mosler :  Cyel.  of  Med., 
V.  Zieinsaen  (transl.),  viii.  1878,  p.  ."iSS.  Pepper  (Pigmeut  iu  RcmittL-ot  F«vcr) :  Proc. 
Path.  Soc,  Phlla.,  ii  1866,  p.  181.  Planer :  Ztscbr.  d.  k.  k.  Gesellsuh.  d.  Aerzte.  lu  Wien., 
i.  1854,  p.  127. 

LiUiratitre  on  Blood  in  7)/phoid.—Eichont :  Di-ut.  Arch.  f.  klin.  Med.,  xir.  1847, 
p.  S^.    Hayem  and  Gilbert:  Arcb.  gin.  (if  mi'il.,  1884,  i.  p.  2!>7. 

Omrrnl  LUeraturf.  on  the  Patholitgi/  nf  BUxtl.  —  Addison:  Lend.  Med.  Gnr.,  li. 
1850,  jii).  li>3,  316,  488.  Andral :  Essai  d'heniatologic  iialliologique,  1843.  Androl 
and  Gavarret :  Annalca  de  <-himi«  et  de  phyKiqti«,  Ixxv.  p.  22n.  Aronssohn :  D«a 
alterations  du  luwg  dans  les  maladies,  1862.  Bequerel  and  Rodier :  Tmit^  de  chimie 
jiath.  uppliqui'e  K  la  mid.  pratique,  1854.  BerzelJus :  Trans.  .Med.  Cliir.  Soc.  Lond., 
iii.  1816,  p.  198.  Brittan  :  Bloml  Diseatws  ami  Blood  G«nnit,  1874.  Burrows  (Cruoniaii 
Lecture) ;  Lond.  Med.  Oaz.,  xvl.  1836,  p.  647  ft  seq.,  xviii.  1830,  p.  427  cl  sc<i.  Christi- 
■on  :  On  Grannlar  Degeneration  of  the  Kiilueyn,  1839.  Davy  :  Researchen,  Pbyt>iol.  aud 
Anat,  1859.  Flint  (Lecturer*) :  Am.  .Med.  Tinita,  N.  Y.,  vii.  1863,  p.  201  W  le^.  Gamgee : 
Physiol.  Chem.,  1880.  Gilbert  and  Lion  (Crit.  Rev.)  Arch.  gin.  d.  niM.,  1884,  ii.  p.  683. 
Gulliver:  Hewsoa's  workn,  Syil.  Soc.,  1846.  Halliburton  (Reiwrton  ProteiiLs):  Brit  Med. 
J.  1884,  ii.  p.  176  ;  also,  1886,  ii.  p.  148.  Hayern  :  Reob«rclie§  gur  I'anat  nomi.  et  jmlh. 
dn  aang,  1878.  Hewson  :  I'roperties  of  the  Blood,  with  Introdaction  by  Gulliver,  Syd. 
boc.,  1846.  Hunter  (J.) :  A  Treatise  on  the  Blo<xl,  luflamniation,  and  OunRhot  WouuiU. 
Jones  (T.  W.) :  Brit,  and  Fnr.  Med.  Rev.,  xiv.  1842,  p.  685  ;  also.  Am.  J.  M.  Sc.,  Ixxx. 
1880,  p.  104.  Laptschinsky :  CentralM.  f.  d.  med.  Wissonsch.,  xiL  1S74,  p.  657. 
Lebert :  Virchow'^i  HnnithucU  d.  spec.  Path.  u.  Therap.,  v.  1865,  p.  61.  Prevost  and 
Dumas  :  Annales  de  uhimie  et  de  physique,  xxiii.  1823,  pp.  60,  90.  Magendie  (Scries 
of  Articles  on  Blood  and  its  Diseases) :  Ijincet,  1838-9,  i.  p.  41  et  »eq.;  also  UEPRurr. 
Quinquaud :  Cliiniie  patholo^que  ;  recherches  de  h>>mutologie  cliniqae,  1880.  Richard- 
son :  Bril.  Med.  Journ.,  1865,  i.  p.  7  rf  ««?•  Riess :  Arch.  f.  Anat.,  PhysioL  u. 
«ri>M<nsch.  Med.  1872,  p.  237.  Simon  :  Animal  Ch«niiKtry,  Syd.  Soc.,  1845  (transl.), 
Strieker:  Med.  Jahrb.,  1872,  p.  160.  Thackrah :  On  the  Blood.  Williams:  Brit. 
and  For.  Med.  Chir.  Rev.,  lii.  1853,  j..  4C5 ;  Ihiil.,  xiii.  1854,  p.  193;  Ibid.,  iv.  1865. 
p.  181 ;  IbiiU,  xriii.,  1856,  p.  459.  Wooldridge  (New  Constituent):  Proc.  Roy.  Soc, 
sxxviii.  1884-5,  p.  89.     Zahn :  Arch.  f.  p&tM.  Anat.,  xcv.  1884,  p.  401. 
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DnuKASis  OF  THE  Perica&dicm 

ANATOMICAL  ARRANGEMENT 

462.  Thk  pericardium  is  a  doublo  membrane,  consisting  as  it  does«f 
tk  seroiis  and  of  a  fibrous  layer. 

The  serous  part  of  the  membrane  may  be  regarded  as  tlie  foi- 
cardium  proper,  and  like  the  pleura  it  encloses  a  cavity,  the  periemditi 
toe.  It  lines  the  interior  of  the  tibrous  layer  and  is  reflected  oror  tki 
large  vessels  at  the  Ixiso  and  over  the  surface  of  the  heart  xtmXL  TIm 
latter  roflcctiuu  of  the  membrane  is  known  as  the  tpieeardimm.  It  ■  a 
thin  (iljroua  expansion  covered  by  endothelium,  and  beneath  iu  caHix 
roHoction  lies  the  cpicardial  fat  together  with  bluod-vettnela,  Vxmt 
areolar  and  yellow  elastic  tissues,  and  lymphatics. 

Tlie  fibrous  part  of  the  membmne  is  much  coarser  and  aion 
resistjint  than  tlie  serous. 

The  perictinlium  is  abundantly  supplied  with  blood  mmtl$  frtni  iht 
itrtaia  prrifanliacD-jihrenica,  utirridt  nuimvuiria-  inUrnut,  ami  tnax 
arlmas  mediadina  poderiores ;  the  veins  being  chiefly  branches  of 
tmwp  j)eriettrdiae(hpkrenietrj  asifffos,  and  heiidaxygox.  Lympbatica 
[lany  the  arteries,  and  nerve  branches  from  the  rigid  phrtmie  aad  riyAI 
vagtu  ramify  in  the  parietal  layer.  The  endothelium  is  asid  lo 
provided  wiili  gtomata  (Skworzow). 

It  arii^es  ))«Iow  at  the  circumference  of  the  centra]  tendoo  of 
diaphragm,  whence  it  parses  up  to  envelop  the  heart,  and 
in  the  fascia  surrounding  the  trunks  of  the  a.scending  anrta  and 
monaiy  artery.     It  ultimately  becomes  united  to  tlie  deep  fkam 
the  neck  (fascia  cenrico-iwricaniiuca). 

PeiucaRDITIS  (vtpiy  around,  and  xap&ia,  tht  kmrl). 
463.  Definition. — An  acute  or  tubacuU  infiKUttmaUem  nf  /As  jwrv 
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infiltrated  with  inflammatory  effusion.  In  the  course  of  from  tlmtjr- 
&IX  to  forty-eight  hours  after  the  acute  inflnmination  has  eat  in.  kigUj 
albuminous  inflamnintory  liquid  is  poured  into  the  sac.  FVota  tian,  m 
excefts  of  fibrin  is  precipituted  upon  the  free  surfaces  of  the 
At  times,  the  fibrin  is  localised,  but,  more  frequently,  the 
of  the  heart  tend  to  distribute  it  generally. 

7'fie  lymph  has  a  pale  yellow  colour,  and,  at  first,  is  IoomIj  adlMnM 
to  the  parts  it  covers.  In  many  places  it  can  bo  stripped  oO^  to  m  to 
leave  a  smooth  surface  upon  whicli  the  endothelium  may  ctfll  he 
detected.  It  evidently  gains  the  free  surface  through  poras  or  alkr 
openings  between  the  endothelial  plates,  for  if  seen  sufiBdcotty  M(^ 
it  will  be  found  to  fomi  small  villous  tufta  corrMponding  to  iImm 
minute  openings.  Later  on,  the  fibrin  assumes  a  shaggjr  or  hoiia]r«Bak 
appearance,  evidently  due  to  the  traction  on  the  walls  of  the  mt 
caused  by  the  motion  of  the  heart 

j\itor  the  fibrin  has  separated  from  the  efTusvd  liquid,  »  quantity  d 
terum  remains  in  the  sac.  In  this  variety  of  the  di«eaM,  it  m  vrnvm 
large,  and  may  be  generally  distributed,  or  be  pent  up  in  eyvt^b 
cavities  by  the  [lartial  adhesion  of  the  sides  of  the  fihrin-ooatod  mtat 
brane. 

Sooner  or  later,  however,  the  liquid  is  absorbed,  and  tba  walk  ti 
the  sac  now  come  into  complete  contact  and  adhere.  The  muMi  ■ 
yet,  however,  is  merely  of  a  temporary  character ;  but  in  ooww  «f 
time  the  fibrin  is  gradually  removed,  and  it  becomes  pemaiMBt  «■! 
fibrous.  The  means  by  which  this  u  accomplishod  baa  alraa^y  !>■■■ 
described  (Sect.  205). 

The  adhfjioTis  may  be  partial,  or  may  amount  to  comiJeto  ajrnectk, 
All  such  adhesions  tend  to  impede  the  movements  of  the  hout,  aai 
apiiarently  as  a  consequence,  it«  walla  will  often  be  found  hyper 
irophied.  The  disease  ma}'  leave  a  permanent  thickening  of  tht 
membrane.' 

465.  P.  serosa. — The  sac  contains  a  large  quantity  of  Uqidd,  aai 
only  a  thin  layer  of  fibrin  is  to  bo  found  on  the  surfaoes,  ofim  partkQf 
distributed. 

466.  P.  hzmoirhagica. — Certain  forms  of  fibrinoos  periemlWi 
have  a  tendency  to  cause  extravasation  of  blood  more  than  oUMia 
To  such  the  altove  name  is  sometimes  given.  The  blood  mixes  vttk 
the  lymph,  and  as  it  coagulates,  aids  in  accomplishing  the  temponiy 
union. 

4C7.  P.  purosa. — The  inflammatory  exudation  not  infrequca^f 
disintegrates  and  forms  pus,  or  the  discharge  may  have  been  pomlMk 
from  ^e  commencement.  More  particularly  is  the  latter  tlie  <■• 
when  the  pericarditis  is  of  a  septic  nature. 

The  sac  may  be  filled  to  distension  with  yellow  or  greenish  ccia/Bti 
pus,  while  some  patches  of  half -purulent  Ijinphy  membrane  tBMj  Is 
seen  still  adherent  to  its  walls.  The  remaining  parts  of  the  ntribM 
*  See  CM*  reUtd  by  Bnwdbent.  No.  9,  18S1,  it  pk  7«&. 
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are  sometimes  red  and  inflamed,  and  in  protracted  cases  small  granul- 
ations maj'  bo  found  upon  them. 

The  purulent  liquid  uanatly  contains  micrococcus  in  abundance,  and 
■when  so,  a  fatal  termination  of  the  disease  becomes  practically  a 
certainty. 

The  purulent  discharge  occasionally  dries  into  a  caseous  mass  or 
masses.  The  periciirdium  liecomes  adliereut,  and  the  fibrous  con- 
nections enclose  the  cheesy  deposits.  In  how  far  life  is  compatible 
with  such  a  condition  of  the  pericardium,  ma}'  be  a  matter  of  qucstiou. 
There  is  of  course  the  possibility,  that  the  caseous  residua  might  be 
absorbed,  or  that  they  might  calcify.  Siieh  a  favourable  termination, 
however,  is  rare. 

468.  P.  gummosa. — Syphilitic  inflammation  of  the  pcriaxrdiiini 
is  uncommon,  but  there  seems  good  rea.snn  for  believing,  that  some 
old  adhesions  of  the  sac,  more  especially  tliose  accompanied  by  cheesy 
deposits  or  by  fibrous  myocarditis,  are  of  this  nature.  Ljincereux 
(No.  25,  ii.  p.  217)  refers  to  a  case  which  he  says  is  the  only  one  he 
has  seen. 

469.  P.  tuberculosa. — An  acute  eruption  of  tuberculo  on  the 
pericardium  is,  for  some  unknown  reu.son,  an  uncommon  disease. 
Many  of  the  instances  of  tubercular  jiericarditis  seem  to  have  arisen 
from  the  drying  and  caseation  of  an  inflammatory  effusion. 

Hathieu  (No.  107,  1883,  L  p.  265)  nukes  out  that  tubercnlnr  pericarditis  oconn 
once  in  every  tLirty-Kve  tul>ercuUr  persona.  He  draws  his  coDchuiioDS  from  the 
statistics  nf  Rillet  and  Barthez,  who  found  it  ten  times  in  tlio  autopsies  of  three 
hnndred  and  twelve  tubercular  individuals,  and  of  Leudet,  who  found  eight  ouea  in 
a  total  of  two  hundred  and  nini'tyiune.  Few  of  these  cases,  however,  seem  to  have 
been  of  the  nature  of  a  miliary  eruption.' 

470.  Pericarditis  from  the  Presence  of  Tumours. — Cancerous, 

sarcomatous,  lyrajiho-sarcomatous,  or  otlier  tumours  of  the  |)ericardium 
are  sometimes  followed  by  inflammation.  The  source  of  the  inflam- 
mation is  sufficiently  indicated  by  the  presence  of  the  particular 
tiunour. 

Pericarditis  haa  also  been  noticed  to  accompany  scarlet  fever, 
scurvy,  etc. 

ETIOLOOY. 

471.  Of  all  known  causes  acute  rheumatism  stands  pre-eminent 
in  point  of  frequency.  It  may  be  associated,  when  due  to  this  cause, 
with  endocartlitis  or  myocarditis,  or  may  be  uncomplicated. 

Of  three  hundred  and  twciity-sii  persons  admitted  into  St.  Mary's  Hfwpital 
during  the  fifteen  years  ending  1860,  Sibson  (No.  209,  iv.  p.  186)  found  that  one. 
fifth  were  attacked  with  {Miricarditis,  aud  that  it  was  accompanied,  ill  oil  but  nine 
instAnoea,  by  endocarditis.  In  only  one-fourth  of  the  eaaea  was  there  an  absence  of 
evidenco  of  endo-  or  {lericarditis. 
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The  precise  exciting  agent  in  acute  rheumatism  has  not  bMi 
certaiuly ascortjuned.  It  bus  lieen asserted  (see  "Endocarditis")  tku 
a  micrococcus  is  present  in  the  affected  parts,  but  opinion  dtl«n  «• 
this  point. 

Pericarditis  is  also  frequently  an  accotnjmniraenl  of  septic 
diseases ;  it  is  common  in  pyemia.  Septic  organisms  can  be  tifftrcWid 
in  the  cfl'usion.  They  form  zooglcea  masses  localised  in  the  ftbriBsai 
lymph,  or,  it  may  be,  more  or  less  generally  distributed  thrOQ^KM 
the  purulent  contents  of  the  sac. 

lu  the  pericardiUa  of  ozen,  mmsses  of  micrococcoa  ni^y  frei|lUBUy  ba  tammA  !•  thi 
efftued  lymph.  Wilson  (No.  19,  xxxi.  1886-8,  p.  924)  rcooida  •■  iartacv  af 
pericanlitu  in  a  boy  where  ■  nucro-Wcilltt*  wu  pi«Mnt. 

The  negative  pressure  of  the  pericardial  sac,  caoMd  lij  Ibt 

movements   of   the   heart,   may  jHsrhaps   bo    reganled  as   n   oOOditiH 
predisposing  to  the  disease. 

AJamkJewicz  and  H.  JacoUnou  (No.  60, 1873,  p.  483)  fouMl,  by  introdMiaf  a  lili 
rendered  air-tight  by  nioang  at  a  stilette,  into  the  pcricardikl  a»R  of  th«  Aaiyt  4% 
and  rabbit,  an<l  by  cotmecting  it  with  •  manometer,  that  the  ]iiiwiin  widia 
the  ate  wu  nogstive  to  between  three  uid  five  mm.  Hg.  ladwd,  aOaviag 
for  error  in  the  exiieriment,  it  ia  probable  that  it  tnay  be  itrra  lower  IImb  tW 
above. 

This  deficient  pressure  within  the  pericardia]  bm  would  tood  to 
lessen  the  sup^iort  afforded  by  the  adjacent  tissues  to  th«  twmI* 
ramifying  in  the  membninc,  and  would  thus  favour  the  expukioa  c( 
the  blood  constituents  through  their  walk. 


EFFECT  UPON  HEART  AND  VESSELS. 

472.  The  accumulated  liquid  of  a  pericarditis  must  of 
asriously  impede  the  free  play  of  the  heart.  More  or  less  piii 
VI  experienced  in  many  cases,  sometimes  amounting  to  tnu  MfiH 
pectoris  possibly  from  this  cause.  The  5U[>erior  vena  cuts  is  prMnd 
upon,  and  hence  where  the  effusion  is  great,  the  vessels  of  tho  umk 
are  often  turgid. 

Prricarulvl  Rcmorrhaok. 

47'i.  Wounds  of  the  heart  constitute  of  course  one  comf 
common  cause  of  pericardial  haemorrhage.  A  still  more 
cause,  however,  is  rupture  of  tho  heart  from  disease  of  its  wall% 
such  as  ofwuriifn,  softening  from  atharomaiout  dtgamaHom  ^  At 
tonmary  arieriet,  or  ahtceti. 

Tumours  of  Pericardium. 

474.  These  are  chiefly  L)'mpho-Sarcomata,  iSpindlo  and 
Sarcomata,  secondary  cancers,  tubercle,  and  faj'datids. 
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The  iympho-sarcomata  usually  arise  in  the  anterior  or  posterior 
mediastiniini,  iinil  involve  the  [Pericardial  tissues  secondarily.  They 
take  the  form  of  lobulat<?d  masses,  sometimes  of  great  size,  which 
spread  into  the  parietal  layer  of  the  membrane,  but  seldom  affect  the 
visceral,  nor  do  they  generally  involve  the  heart  itself.  In  some  cases 
they  project  into  the  anterior  mediastinum,  constituting  a  cap-hke  mass 
which  overIaj)s  the  heart,  and  which  might  be  mistaken  during  life  for 
an  intra-perjcanlial  <listt'iition. 

The  pure  sarcomata  are,  for  the  most  part,  of  secondarj' 
occurrence,  even  when  of  a  apindle-cell  ty|ie. 

Cancer  is  very  rare  in  this  membrane,  and  is  always  secondary. 
Most  of  the  so-called  cancers  of  the  pericardium  are  sarconuita  or  lifmpho- 
sarovfuit'i. 

Tubercle  has  been  already  referred  to  under  Tubercular  Peri- 
carditis. 

Hydatids  of  the  pericardium  are  occasionally,  but  seldom,  met 
with. 

IIydkopericabdium. 
(See  Cbaptera  on  Dropsy). 


PNEUMOPERICAItUtlTM  {irvfvfia,  any  mrifcffin  fluid). 

475.  It  seems  extremely  doubtful  if  air  or  gas  ever  accumulates  iu 
the  pericardial  sac  independently  of  some  collateral  disease  or  injury  of 
the  membrane.  Gas  is  fretjueutly  found  in  the  pericardial  sac  after 
death ;  so  is  it  often  present  in  the  cavities  of  the  heart.  In  a 
large  proportion  of  such  instances  of  pneumo-periau\iium  the  gas  has 
been  of  yosl-moiicm  devolopnient. 

There  cannot  be  the  slightest  doubt,  however,  that  gas  or  air  has 
been  diagnosed  within  the  sac  during  life,  and  that  the  diagnosis  has 
been  verified,  as  iu  Begbie's  case  (No.  171),  at  the  autopsy. 

Where  the  pericardium  communicates  directly  with  an  air  jmssage, 
the  gas  is  of  course  atmospheric  air  more  or  less  altered  ;  but  where 
the  gas  has  been  conveyed  through  a  communication  established  be- 
tween a  neighbouring  hoUow  viscus,  such  as  the  stomach,  and  the  sac, 
or  where  it  is  evolved  from  deconiposetl  effusion  within  the  sac,  the 
gas  varies  in  composition.  It  will  be  found  that  probably  the  com- 
monest cause  is  the  last  of  the  above  mentioned,  namely,  decomposition 
of  the  materials  jxnired  out  during  pericarditis.  Several  instances  of 
fistulous  communication  between  the  sjic  and  neighbouring  organs, 
have,  however,  been  put  on  record  by  Graves,  M'Dowel,  Chambers, 
Tiitel,  and  Saoxinger.  The  pericardium  has  also  been  frequently 
wounded,  either  traumatically  or  during  surgical  operation,  and  air 
allowed  to  enter.  According  to  Walshe  (No.  281,  p.  627),  such 
traumatic  perforation  always  txcites  pericarditis. 
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Punctiform  hxmorrhages,  into  the  pericardial 
are  extremely  common  in  blood  diseases  such  as  permdoma  mmbb^ 
scorbutus,  or  jmrjntru  lutmcnr/uir/iai.  Their  causation  ti  not  ezadij 
known. 

Milk  Spots, 

476.  This  name  is  given  to  certain  thickened  opaque  prtAw  «m 
the  serous  layer  of  the  pericardium,  of  freqaent  occnrreooc^  aai 
usually  a«80ciated  with  enlargement  of  the  heart  Aa  a  role,  tlwy 
ure  oval  shaped,  and  have  a  sliarp  border  and  a  gray  colour.  Tbi^ 
are  slightly  raised  above  the  surface,  and,  when  microKopieall} 
examined,  are  found  to  be  due  to  an  increase  in  the  qaaati^  aad 
density  of  the  fibrous  tissue  of  the  membrane.  They  are  oovorvd  bf 
the  pericardial  endothelium.  Their  usual  site  is  on  the  aatenor 
surface  of  the  right  ventricle,  or  on  its  posterior  aspect  towarda  tha 
base.  Those  at  the  apex  sometimes  have  an  oedematous  viUQ»-iike 
aspect,  almost  aa  if  they  had  been  drawn  out  by  the  action  of 
heart 

They  cannot   be   regarded  as   an    mdication    of   pericftrditi^ 
rather  simply  as  evidence  of  the  oflect  of  friction  of  an  enlMgwl ' 
against  neightMiuring  [>arts.     They  are   evidently  due   to  the 
cause  as  that  inducing  the  pressure  marks  seen  so  often  on  the 
capmle  over  the  gall  bladder. 

Litrraturt  tm  DitoMs  o/  Prricardium.. — Consult  the  Tiiious  TnatiiM  nwntkwad  i 
Oeoeral  Utenture.     Broadbent  (Great  Thickecing) :  Brit.  Med.  J..  IftSl,  U.  f.  'tfl 
(Sarcoma)  Tnnii.  Path.  Soc..  iixiii.  1881-2.  |>.  78.     Mathieu  (TnbMcalir) ;  Ai^j' 
lie  mii.,  1883,  i.  p.  204.      Rousseau  :  E«»ai  nur  !■  i>i'rjrai<liie  tubwcu]— ^  tav,  IJ 
Sibson:  ReynoUU'  Sytt.  Uwl.,  iv.  18:7,  p.  IS6.     Wilson (Mliro-bMiUtn}}  Wte.  M 
J,,  xxxi.  1885-6,  p.  924. 


CHAPTER    XXXVI 

THE  HEART— (C'onlinued) 

FuNcnoNAL  Diseases 

477.  Definition. — By  such  are  meant,  almotTiMlities  in  the  hfari's 
action  unaccompankd  hy  any  perceptive  organk  lesion  sufficient  to  aecourU 
for  tluniK  They  may  quite  properly  be  regarded  as  symptomg  of 
disease  rather  than  as  diseases  in  themselves. 

Nerve  Supply  of  the  Heart. 

478.  The  heart  may  be  said  to  derive  its  nerve  supply  from  three 
sources — firstly,  from  the  ganglia  contiiineil  within  it,  sicoiidlyy  from 
the  pneumogastric,  and  tliir<lly,  from  the  sympathetic. 


GENERAL  ARRANGEMENT  OF  THE  SYMPATHETIC. 

479.  Ganglionic   Groups. — It   wilt   be   remembered    that    the 

aglia  of  the  sympathetic  are  located  in  several  groups.  The  most 
prominent  are  the  gangjionated  cords  which  run,  one  on  each  .side  of 
the  Bjjinal  column,  ami  which  are  known  as  the  lateral  chains. 
Occupying  a  position  in  front  of  the  vortcbr.al  column  there  are  other 
ganglia,  such  as  the  semilunai-  and  inferior  mesenteric,  which  may 
accordingly  be  named  the  prevertebral  or  collateral  ganglia 
(Gaskell).  Connected  with  the  viscera  themselves,  is  stilt  another  set 
of  ganglia,  which,  from  their  position,  may  appropriately  be  designated 
terminal  ganglia. 

Rami  communicantes. — From  the  spinal  nerves,  branches  are 
given  off  to  the  lateral  chain  of  ganglia,  and  as  these  establish  the 
communication  between  the  symjiathetic  and  cerebrospinal  systems, 
they  have  been  named  the  Tumi  communkiintes. 

Since  it  is  now  known  that  the  sympathetic  is,  morphologically, 
simply  a  spinal  nerve,  the  spinal  nerves  are  described  as  compounded 
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of  three  elements — the  posirrior  rout,  the  aidnior  rooi^  wad  the  mam^ 
or  sympatlteiic  root.     The  importance  of  regarding  th«  •jmpidMtk  i 
essentially  a  spinal  ner\-e,  cannot  be  over-estimated  from  a  ; 
point  of  view. 

Tlicse  rami  communicantcs  (in  the  dog,  at  luiuL,  whose  nem  i 
bution  closely  resembles  that  of  Man),  throU|ihont  tlie 
thoracic,  and  lumbo-sacral  regions,  contain  both  niedtiUatMl  and 
medullated  fibres  (Bidder  and  Yolkmann),  while  in  the  region 
diately  above  the  thorax,  the   ramus  communicans  is  deroid  of 
former  (Gaskeil,  No.   179,  viL  p.   10).     It  would  indood 
opfKjsite  the  great  outlets  of  the  sympathetic  to  the  main  tboneae  i 
alidominal  viscera,  the  nuni  communicantes  arts  in  great  part 
posed  of  medullate<i  fibres. 

In  the  thoracic  reg'ion,  those  fibres  of  the  nuni  con 
which  are  nut  meduUated,  arc  according  to  Gaakell  few  in 
and  have  a  comparatively  uniiup<:irta]it  distribution.     Unlike  the 
fibres,  they  follow  a  ccnti-ipetul  not  a  centrifugal  coutml     Tbejr  \ 
dontly  arise  in  the  lateral  cliain  of  ganglia,  and  running  inwards,  i 
the  corresijonding  spinal  nerves,  together  with  the  vertebral 
and  sjiirial  membranes. 

Rami  efferentes. — Gaskeil  states  (I^k.  eil.,  p.  Ifi)  that  tlu>  whiu 
rami  communicantcs  after  ]>asBing  into  the  Uteral  chain  of  ganglia,  lo« 
their  mo<lull:i  and  issue  from  these  ganglia  as  non-medallated  fbna. 
He  regards  one  of  the  fimctions  of  the  lateral  chains  of  p»«»([*»  at 
1)eing  that  of  effecting  this  conversion  of  medullatod  into  iinniiihi 
lated  fibres  (ItK,  r*/.,  p.  33).  As  a  rule,  they  then  join  the  prererlehnl 
or  collateral  ganglia,  and  have  been  designated  (Milne-Edward*  qoottd 
by  Gaskeil,  l"r-  cti.,  p.  3)  rami  efferentes. 

The  branches  issuing  from  the  collateral  ganglia  are  next  dilln- 
buted  to  the  various  organs. 


BRASCHEii  OF  SYMPATHETIC  TO  HEART. 

480.  In  the  cervical  region,  the  ganglia  of  the  bteral  chain  ane 
not  distributed  metimiericuUy,  but  several  aeem  to  have  fused  together, 
so  that  only  three  are  now  to  be  found.  They  are  of  lug*  bm,  and 
are  known  as  the  superior,  middle,  and  inferior  cerrieal  g— g^** 

The  superior  cervical  ganglion  lio.«  Itehind  the  urtarnal  carotid 
artei^',  about  the  level  of  the  second  and  third  c«nrical  votohtvk  la 
some  cases,  it  is  much  longer  tiian  in  others,  and  tnay  reach  down  ^ 
the  level  of  the  fifth  cervical. 

The  middle  cervical  ganglion  may  sometimes  be  abesnt,  or  oujr 
be  represented  by  two  smaller  ganglia.  It  lies  aboat  the  ragioD  of  tfe 
sixtii  cervical  vertebra. 

The  inferior  cervical  ganglion  is  of  irregular  shi^MS  and  ia  biyv 
than  the  middle.  It  is  sometimes  known  as  the  gamgliom  ttdUkam. 
The  first  dorsal  sympathetic  ganglion  is  united  to  it  either  oontinoousi) 
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or  through  a  short  double  trunk.  It  is  located  in  the  hollow  between 
the  transverse  process  of  the  hist  cervical  vertebra  itiid  the  tirst  rib. 

Tlie  chord  uniting  the  individual  ganglia  of  the  lateral  chain,  after 
leaving  the  middle  cervical  ganglion,  splits  into  two  branches  before 
joining  the  inferior  ganglion.  The  loop  thus  formed  is  knoivn  as  the 
ansa  or  annulus  Vietissenii,  and  embracea  the  sulxlavian  artery. 

The  thoracic  ganglia  ui-e  from  eleven  to  twelve  in  number,  of 
which,  the  first,  or  that  which  is  united  to  the  lowest  cervical,  is  the 
longest.     Sometimes  the  second  dorsiil  become.*  confluent  with  the  first. 

The  eardiae  branches  of  llu;  sipnpathdk  take  origin  from  the  above- 
mentioned  ganglia  in  the  following  manner: — They  are  usually  three, 
sometimes  four  in  number,  namely,  the  superior,  the  middle  or  great, 
the  inferior  or  small,  and  tho  deep. 

The  superior  is  one  of  the  descending  branches  of  the  superior 
cervical  j;unij;liori. 

The  middle  or  nn-ens  rardiuctis  tnarpitnf  is  a  compound  of  several 
roots  springing  from  the  middle  ganglion,  or,  where  this  fails,  from  the 
Stonr  of  the  sym[)athetic  directly. 

The  inferior  or  tuTt-ns  atrduicus  purtvs  usually  arisen  from  the 
inferior  cervical  and  first  dyi-sjd  symjxithetic  ganglia  by  several  roots. 

The  branches  from  the  first  dorsal  are  sometimes  united  in  an  inde- 
pendent branch,  which  then  goes  by  the  name  of  tho  nervus  car- 
diacus  imus  or  quartus. 


BRANCHES  OF  VAGU$  TO  THE  HEART. 

481.  These  are  given  off  in  two  sets — the  superior  and  inferior. 
The  superior  cardiac  branches  are  two  or  three  in  number, 

and  leave  the  vagus  bcLwuen  the  superior  and  inferior  laryngeal. 

The  inferior  cardiac  branches  are  given  oH"  from  the  vagus 
shortly  aft«r  it  enters  the  chest,  partly  from  the  inferior  laryngeal 
nerve. 

The  depressor  nerve  (Ludwig  and  Cyon),  in  tho  rabbit,  it  will  be 
remembered,  usually  arises  by  one  branch  from  the  superior  laryngeal 
nerve,  by  another  from  the  vagus ;  or,  it  may  happen,  that  it  springs 
entirely  from  tho  former.  It  accompanies  the  common  carotid  artery, 
and  terminates  in  the  cardiac  plexus.  It  lias  received  the  above  name, 
because,  on  stimulation  of  its  central  end,  the  arterial  blood-pressure 
rapidly  sinks,  owing  to  dilatation  of  the  abdominal  vessels.  In  Man, 
one  of  the  superior  cardiac  branches  of  the  vagus  is  usually  recognised 
as  the  corresponding  nerve.  It  may  lie  within  the  vagus  sheath  or  bo 
isolated.  In  sonic  cases  it  has  been  found  to  receive  a  branch  from  the 
superior  larj'ngeal. 

CARDIAC  PLEXUS. 

482.  These  various  offshoots  to  the  heart  from  the  vagus  and  sym- 
pathetic unite  in  tho  cardific  pUxus. 

VOL.  I  2  0 


CHAT.  TXXVl 


CARDIAC  NERVES 


563 


The  cardiac  i^lcxus  consists  of  ii  .wprrfkinl  and  of  a  dfrp  rxpansioii, 
the  former  l)nng  in  front  of  the  lower  concave  horder  of  the  arch  of  the 
aorta,  the  latter  lying  sn|>eriorly  to  the  foregoing  and  behind  the  aortic 
arch.  Th«  branches  of  tlie  plexus  are  intimately  interwoven,  and  com- 
muiiicatiDg  braiicheg  run  between  the  superficial  and  deep  subdi\'isionH 
of  the  plexus  and  the  lironchial  and  tracheal  plexuses. 

Branches  of  Plexus  to  Heart. — These  are  chiefly  direct  off- 
sbools  to  the  auricles,  and  to  the  right  (anterior)  and  left  (posterior) 
coronary  plexuses. 

The  rigid  coronary  plexfis  accompanies  the  right  coronary  artery 
along  the  auriculo-ventricular  groove  to  its  ultimate  distribution  on 
the  jK)8terior  surface  of  the  heart  It  is  formed  by  branches  con- 
tributed both  from  the  superficial  and  deep  expansions  of  the  cardiac 
plexus. 

The  Irfi  foronanj  plcnis  is  distributed  along  with  the  corresponding 
artery  to  the  left  ventricle,  and  to  the  posterior  aspects  of  the  heart. 
It  takes  origin  in  the  left  half  of  the  posterior  expansion  of  the  cardiac 
plexu& 


GANGLIA  AND  TERMINAL  BRANCHES  OF  CARDIAC  NERVES. 

483.  The  branches  of  distribution  from  the  nerves  composing  these 
plexuses,  are  associated  with  numerous  intracardiac  ganglia  occupy- 
ing the  longitudinal  and  auricuio-ventricwlar  grooves.  They  are  small 
in  size,  and  lie,  for  the  most  part,  superficially — close  beneath  the 
epicardium  (Pettigrow).  Some  of  them,  however,  of  minute  size, 
pierce  into  the  myocardium.  In  the  human  hi^art  they  are  usually 
imbotlded  in  much  fat,  and  hence  are  ditticult  to  demonstrate.  Those 
which  lie  in  the  auriculo-ventricular  groove  aie  most  numerous  in  the 
neighbourhood  of  the  large  veins  of  the  organ. 

f  Schklarcwiiky  (No.  77,  1872,  No.  21)  found  that,  in  birda  and  small  mammaU, 
tlicn<  \a  •  chain  of  gang;Iia  which  ruoa  in  tho  cireumferencc  of  thr  auricular 
septum.      Ill  binls,  the  largest  ganglion  is  placed  posteriorly  where   the  aiiriciilar 

>s«|itunt  ring  of  ganglia  nieetjj  that  of  the  auriciilo-veutrictilar  groovo.  In  tiie  frog, 
there  is  a  large  collection  of  uervu  cells  within  the  wall  of  the  vinus  venomu  known 
m  Remak's  ganglion.  From  thU  two  nerve  cords  issue,  wliich  |ias«  along  the 
Mptuni  of  the  auricles  tiiwanU  the  front  of  the  iieart,  where,  at  the  point  of  junction 
of  the  auricular  septum  nntli  the  tninaverse  mileus  they  become  associated  witli  a 
uiaaa  of  large  nerve  cells  known  an  Bidder's  ganglion. 
P'rom  the  ganglia  situated  in  the  above  localities,  numerous  branches 
are  afforded  to  the  hciirt  muscle.  These  apparently  break  up  into 
a  fine  plexus  from  which  ultimate  branches  are  distributed  to  the 
individual  muscular  fibres. 

Aet'onliug  to  Pettigrew,  the  number  of  nerve  fibres  given  off  from  th«  ganglia  of 
the  heart  in  Man  is  leas  than  iu  mammalti,  such  ax  the  calf. 

Sohniicrlcberg  (ijuoteii  by  Rutherford)  and  others  supjMsc  that  the  vagus  does  not 
tdifeotly  communicate  with  the  ganglionic  apparatus  of  the  heart,  but  that  there  is 
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■u  inhibitory  nervous  amngement,  iirobably  ganglionic  in  itt  iMtUi*,  batSMk  iW 
two.  This  thvory  i*  opposed  hy  many  pliysiologuita,  the  cumot  BotfoB  Ml(  ite 
it  eutera  the  muscuUr  fibre  without  any  iDtermediation. 

LUfToiure  on  Tnneraition  of  Heart  (XormeU  and  Patkelcgieali. — Aftcctoai  Mi 
Bnfalini  (On  the  Increaw  of  Canliac  Pulsntiona  by  Excitation  aT  FlnC  UaCMl  SiW>i 
A.rch.  il«  rhyxiol.,  iii.  1876,  l>.  830.  Baxt :  Arli.  a.  >1.  jihysinL  Anat.  n  L«lpc  L  Iin» 
|i.  178;  Arch.  f.  Pliysiol.,  1887,  p.  .121  ;  Arch.  t.  Anat.  u.  rhyiioL,  I93t,  f,  ' 
Bensen  (UUturbanee  of  Innervation)  :  Berl.  kiln.  WookiMolir.a  xviL  WBl 
Bernard  (C.)  (Influence  of  6«ct.  of  Pueuniogaittrln  on  OontnctlMU  at  tSmni  i 
rend.  Soc.  <le.  biol.,  i.  1850,  p.  13.  Bernhardt :  Anatoni.  o.  pliyaipL  Vmiamtk. 
NerruK  depntuor  bei  d.  KaUe.  1868.  Bernstein  (R<-|,Mitiktliu;  Madbaalfli  if 
NcTTos)  :  Arch.  f.  Auat.  Phyniol.  u.  wisacnsclinn.  Mc<l..  1SI|J4,  pp.  614,  0SS> 
Arb.  a.  d.  pbysiol  Anst.  zu  Ix'i|<t.,  vii.  1873.  p.  21V.  Bramwell :  Bnio.  vL  IHI^  p- 
Coitts;  Arb.  a.  d.  physiol.  Anat.  zu  Lcipz.,  ir.  1870,  p.  lTi3.  CtcO  :  Atvk.  t 
Phytiol.  u.  wiftwnsch.  Mod.,  1867,  pp.  38ii,  403.  Cyon  and  Ludwic  :  Ark.  k  4. 
pbyalol.  Anst.  zu  Lripz.,  1867,  p.  128.  Dofiel  (OaiiKUon  IVIlt  of  Ucart  in  AniiMliMi 
Man):  Arch.  f.  mik.  Annt,  xiv.  Itt77,  p.  470;  (FYot;)  /tnd.,  xtL  IMS-S,  p.  21  & 
chorat :  Die  trophUichen  Beziehuugt-n  il.  Nervi  vagi  lum  yunnmnkvt,  1879.  Fpchg' 
gill :  Med.  T.  and  Gaz.,  ii.  1878,  pp.  647,  075.  Ftancois-Frank  (Kftsi  oa  Batl  ti 
1n<  r<-uje>i  Arterial  Prcsxare),  (Gaz.  d.  hOp.,  1877.  i.  p.  1107  ;  aim,  Bbal  «f  llriMteif 
Certain  Sensitive  Nurvea  on  Heart  aud  Luugt)  :  Conipt.  rend.  Acvd,  d.  ■*„  lxsz«&  MK 
p.  882  ;  aUo  (Nenrooa  Mecbani«ni  by  which  Ilenrt-beat  Regulated  ajitl  MalBltiarftT^ 
Intcniat.  M.  Cong.,  Uinil.,  i.  1881,  p.  245.  Gamgee  and  Priestly  (A)trmitr  9kk»' 
lation  of  Va^fi) :  Proc.  R.  Soc.,   xxvii.  1878,  p.   B4  ;  o/jt.,  J.  Khtilol.  SL 

Gaskell:  Bnt.  Med.  J.,  1882,  iL  p.  672;  aUo  (AncUratort).  J.  PI..  -4^ 

|i.  46.     Gerlach  (N'en-e  Eniliniri  in  Heart):   .\    '  ';.   AnaL,  U»i.  i-.o.  j-  il7. 

Goltz   (Ketlel   ParalvM^  after  Htiniulatiou   of    -  ma):   ArHk  C  fmik. 

ztvi.  1863,  p.  1.     Gordon  (J.):  Ex]>eriiuentell<    1 „     iMt  Ldnv  v.  d. 

Wirkuiig  beider  Vai^i.snerreii  auf  du  Hen.,  1877.  Hajdeo  (NwrOBCi)  I  Brtt.  Ikd  J, 
1880,  i.  p.  838.  Heidenbain  (Vagus  Influence) :  Arch.  f.  d.  ks.  PhjratoU  tsifL  IBtl-t 
p.  383.  Klug  (F.)  (Va^u«  luflucncc):  Arch.  f.  PhyiiioU  1880.  |i.  &0«  ;  aba  {Umti 
N«rve4),  Ardi.  f.  Anat.  u.  Eiitwickeluugs«r»ch.,  1K81,  p.  330.  L&wit  (Fn^'a 
Nerves) :  Arch.  f.  d.  gv».  Physiol.,  iiiii.  1880-],  p.  313  ;  rirul.,  ix».  l»*I,  p. 
zzvilL  1882,  p.  312  ;  IbiiL,  xxix.  1882,  ]>.  469.  Masoin  :  ( 'ontnlmtim  k  ha 
tie*  nerfs  poeumogajitriques,  1872.  Petri  :  Beitrag  zur  Ijrhrr  r.  d.  ilemiavi 
dM  UorwM,  1880.  Poole :  Qinada  Uno«t,  Toronto,  zl.  1878-9,  p.  317. 
(Changes  in  Nerve  Ganglia  in  Chronic  Heart  Dlauaaea) :  Arch.  t.  \<Mk. 
ItS7^,  p.  461.  Rejnier :  Dee  uerb  du  ocenr ;  aiiatomir  u.  pliyMolb^ne.  1880.  Ihi^ 
melaere:  De  I'acceleraUon  cardiaque  extK'uie,  1883.  Rosenthal  ( PWalyaAi) :  t^ 
klii).  Wochuschr.,  V.  1868,  p.  222.  Rutherford:  Uncet,  1!<71.  il.  ^  841  i«  «^ 
Schmiedebeig :  Arb.  a.  d.  pbysiol.  An-sl.  iM  I^ip.,  vi.  1872,  p.  ti. 
(Paralytic  Ataxia) :  Tran«.  Internal.  Mnl.  ('nnvr.  '  ■"• 
iul.,  1!4S2,  i.  p.  43.    Strieker  and  Wagner 

Wien.  Uxvii.  1878,  p-  103.     Uskow  (Halliolopv 
id.  188.1,  p.  453.    T.  Bezold :  I'literxiuli.  ul>.  a. 
Anh.  f.  Anat.,  Physiol,  u.  » is.««-iw:ii.  MmI.,  1862,  p. 
of  Va«u»):  ZeitM-lir.  f.  klin.  Me.l.,  iit.  1881,  p.  317. 
nialiau  Heart)  :  Pr<«'.  Iu;.y.  fvv.,  xxiv.  1883,  p.  226. 
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AUTOMATISM  OF  HE  A  IIT  MUSCLE. 


E484.  Wliile  it  is  universally  gnintiil,  nt  fli-                   day, 
heart  is  iriHuenwd  by  the  various  ncrvc«  conm               n  it,  jf«t 
bus  been  ;i  tciuletiey  of  late,  owing  to  certain  new  facta  whicli 
been  brought  to  light,  to  refor  the  rhythmic  coBtraf*' ••.-i:. 
to  the  muscular  fibre  it«elf.    F.  Franck,  for  inaUiuee 
concludes  that  the  gaDglionic  influence  of  the  heart  is  liut  iud 
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for  the  production  of  tho  rhjthmic  movements  of  the  organ,  which 
appear  to  bo  inherent  in  the  muscular  fibre  itself. 

An  experiment,  which  in  former  times  lent  much  support  to  the 
view   that  the  rhythm  was  dependent  upon   the  iiitnicardiac  ganglia, 

was  that  of  tlio  amputation  of  the  heart's  apex  in  the  frog.  The 
heart's  apex  in  the  frog  is  generally  held  to  be  free  from  nerve  ganglia, 
and  when  it  is  sejuirated  from  the  rest  of  the  heart  it  ceases  to  beat. 

It  can  also  he  jihi/sioloffiraUi/  separated  by  applying  a  ligature  several 
millimetres  below  the  auriculo-ventricular  groove,  or  by  squeezing  this 
region  with  a  pair  of  fine  forceps.  The  npex  will  often  not  l)egin  to 
beat  spontanf ouslv  for  something  like  an  hour  afterwards. 

Bowditch's  Discovery.— Bowditch  (No.  283,  1871,  p.  682), 
however,  discovered  that  if  ssuch  an  apex  be  supplied  with  blood- 
serum  containing  delphinin,  it  almost  immediately  begins  to  resume  its 
rhythmical  contractions.  Since  this  discovery,  it  has  been  found  that 
several  other  means  are  sufficient  to  re-excite  it 

Thus  Menniowicz  (No.  2S3, 1875,  \k  2S2)  showed,  tlxat,  if  niamnmlian  blood  mixed 
with  indiflrori'iit  (0"75  per  cent)  salt  solution  (1  to  4),  bi<  allowed  to  jxTniento  the  organ, 
the  physiologically  ampiitat«d  a|>ex  will  contract,  and  when  the  contmctiona  have 
oiico  b«en  started,  that  they  can  be  iiiaintaiiie<l  for  some  time  with  0'6  per  cent  mlt 
Bolutiou  alone. 

He  concluded,  th(U  thi  heart's  aptx  pcsMssed  auOrmatie  properiita  inherent  within 
Utelf ;  and  in  this  view  he  wag  supported  by  V.  liawL-h,  Ludwig  and  Liichxingur,  and 
.\ab«rt.  Whether  it  was  the  duinieal  irritali^ni  (Biedennann  aiid  Luwit)  of  the 
Huid  which  brought  it  about,  or  whethtr  it  was  due  to  thfl  pressure  of  the  liquid 
within  the  ventricle  (Foster  and  Gaakcll),  was  for  long,  and  is  (itill,  doubtful. 

Langendorfr  (No.  61,  1884,  Phyi.  Ab,  Suirplcment.  Bd.,  \i.  5(3)  considers  that 
there  i»  no  real  automatism  inherent  in  the  innselc,  but  a  mere  pHKudo-autoniatism 
occasioned  by  two  causes,  nntnely,  (!)  niero  mechanical  irritation,  and  (2)  the 
chemically  irritative  effects  of  tho  fluid,  under  which  category  he  includes  the 
nutritive  changes  produced  by  it  upon  the  heart's  rnuselo. 

Gaskell's  Results. — Gaakell's  i>n]>er  on  the  (K;tion  of  alkaliee  and  acids  upon  the 
tonicity  of  the  heart  stnick  a  new  chonl  in  the  solution  of  the  problem  of  its 
automatic  action.  He  showed  (No.  179,  iiL  p.  48)  that  dilute  alkalies  induce  a 
tonic  or  constrictive  effect  upon  the  muscle  of  the  heart  and  arteries,  while  dilute 
acid  (lactic)  solutions  cause  n  relaxation  or  atony  ;  and  aa  nil  tisnueji  are  naturally 
bathed  in  the  alkaline  lym])h,  it  seemed  to  him  that  this  alkalinity  was  essential 
for  the  fulfilment  of  the  heart's  so-called  automatiam. 

In  a  later  pajwr  (No.  179,  iv.  p.  43),  he  showed  that  the  umsciilar  fibre  of  the 
ventrii-le  in  the  tortoise,  which  is  sup]iosed,  cqunlly  with  that  of  the  frog's  apex,  to 
be  destitute  of  nerve  supply,  [mssesscs,  in  itself,  the  property  of  rhythmically  contract- 
ing. If  80i>arated,  it  beats  rhythmically,  and  if  a  strip  detache<l  from  it  be  hung  U|i 
in  a  moist  chamber,  it  is  found  to  commence  beating  rhythmioully  after  from  three 
to  four  hours,  and  has  been  seen  to  go  on  boating  for  over  thirty  hours  from  the 
time  of  its  being  suspended.  The  incidence  of  the  contraction  is  hastened,  and  is 
rendereil  more  vigorous,  by  passing  a  single  induction  shock  through  the  strip. 

That  the  rhythm  is  act\ial]y  myogonic  in  its  source,  that  is  to  say,  that  it  is  not 
deptcndeut  u]>ou  any  possible  uerrc  supply  of  the  ]iart,  but  is  a  property  inherent  in 
the  muscle  itself,  appears  to  be  favoured  by  the  lact  tliat  tho  strip  can  be  subdivided 
into  fragments  which  still  retain  the  power  of  independent  rhythm. 


566 


THE  HEART 


fARB 


It  roost  be  borne  in  minJ,  botrever,  tlut  thcao  bcti  m  tk*  wit  of  i 
made  on  the  heart  of  the  tortoimc  alouc,  ntiJ  it  would  be  nuh  to  *iyiM  tk«t  AMmA* 
indeiwndent  automatism  [ire?ail8  in  tho  niujH-iilar  fibre  of  nuiBtiula  atai  of  Mas.  tli 
ezi)eriments  are,  however,  mitficiently  rviuaikablo  to  iadicata  (hat  cortate  taarttial 
irregularities  in  the  contraction  of  the  heart  of  Man,  mi^ht,  in  reality,  la  daatiai^M 
inherent  in  the  muscular  libn>  it.self.  Those  might  be  baaiid  op  with  its  BabilMk 
not  necesiiarily  with  a  disordered  staU<  of  it«  uurTe  lUpitly.  Tlw  f»rt  that  tk>  h^ 
does  not  cease  to  beat  in  an  animal  when  joiifoned  with  vroom*,  abova  tkal  ife  «§»> 
tractions  must  bo  largely  inde^icndent  of  uervc  Atinulua. 

It  would,  thus,  almost  api)ca.r  as  if  the  intraewdiae  pMi^a^  and  i 
extnicardiac  nerves  were  accessories,  and  as  if  tbo  power  of  ilk] 
contraction  were,  in  reality,  intriiiiiic  in  tho  muscular  fibre  itattt. 
seems  doubtful,  however,  to  say  the  least  of  it,  whether  Um  riijrtlM  ■ 
a  normally  ojcting  mammalian  heart  is  entirely  due  U)  thia  cauM^ 

86e  remarks  (No.  284,  p.  415)  that,  in  all   pnibability,  th« 
act  as  fteuuiDulators  of  motor  energy,  veritable  eoadeoMn  of 
influx ;  and  that  they  occasion  the  discharges  by  wkich  abrapl 
energetic  contractions  of  the  organ  are  elicited. 


INFLUESCK  or  CARDIAC  NERVES  t)X  THE  ITKARTS 
METABOLISM. 

485.  Ransom  (No.  179,  v.  p.  337)  presumed  that  tbetv  m^ittlt 
itihibitory  fibres  in  the  vagiis  which  tend  to  induce  conttntetin  mMtUk 
rJiantffs  in  the  heart  muscle,  while,  in  tiic  sympathetic,  nmJlarljr, 
might  \x3  fibres  which  cause  a  ilfMriiftu-r  mtlaMUni. 

Gaskell  (No.  17U,  vii.  p.  1)  reguixls  the  condition  of  ofjQiKl 
of  mu.scle  denoted  by  tiie  term  rfst  as  l>eing  brought  aboat  bf 
counterbalancing  of  the  two  opposite  processes  of  datntctite 
tlmcUve  mftakilisni^  called  by  Hering  the  acts  of  OMum/itfui*  aimI  A- 
rimlaiwn.  Metalwlism,  ho  holds,  in  fact,  includes  the  two 
processes  of  destniction  and  constiuction,  or  kataboUsm 
bolism.  As  destructive  changes  occur  when  a  muscle  ia  Mt  ia  i 
by  stimulation  of  its  motor  nerve  or  otherwi.se,  ho,  aooordin^jr, 
tho  fiimpathetU;  tho  katabolic  nerve  of  tiiu  heart.  The  inMtlMy 
iterveg  of  the  ht^art,  however,  he  regards  as  causing  a  constructive  and 
not  a  destructive  metabolism,  and  hence  he  calls  tbem  (vagtu)  th* 
anabolic  or  trophic  cjirdinc  nerves.  The  action  of  the  one  aetj 
nerves  is  to  induce  increasetl  activity  followed  by  cxhaustioD  ;  ci 
other,  diminished  activity  followed  by  re[)»ir  of  ftuictioa. 

P»g»t  (No.  149,  May  2».  1857  ;  No.  IS.S,  xv.  1S57,  p.  T  nod 

of  the  Mm*   ri«w  of  the  heart's  innervation  and  nutrii>  '■■>;  m 

heart'*  i^nxtia  as  pnaiding  over  it*  niculiulic  interchangri>     Ii«  Iwliwad  that  lltf- ' 
motioo  of  the  heart  wa«  "  an  inauo  of  rhythmic  niUrilitm,  i.e.  of  a  nivUuid  of  BVtiMm 
in  which  the  artinK  |i<irtit  an<  at  certain  |N>riiHlii  rained,  with  tinw<n|iilatad  J/ngfim^ 
Ui  a  atateorittilabiUty  ofromixMition,  fToui  which  tJiey  then  -llTllnfi.  a&d  ia  iMl 
decline  inay  change  their  ahaiio  and  move  witli  a  deflnita  velocity,  or  (aa  avvas 
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centres)  may  discharge  nerve  forcfi."  lu  tlio  verlebrnte,  it  is  the  tinic-regiilateil 
diackarge  from  the  heart's  giiuKlia  which  i>xcites  tho  miucular  bbrea  to  contraction  ; 
in  the  invertebrate,  this  pro^ierty  ia  inherent  xv,  the  uiuscular  fibre  itself. 

Literatiim  on  Grnfral  Phyniiioyy  of  Circulatory  Syilan. — Ax  the  following  references 
relatu  ohietly  to  the  more  nx'snt  works  on  physiolog)'  bearing  iijioii  the  pathology  of  the 
heart,  thti  reader  U  reftrn-d  for  fuller  information  to  the  text-lwoks  of  Car|>onter  edited 
liy  Power,  Foster,  M'Kemirick,  ami  Landois  trausluteil  l>v  Stirling,  v.  Bezold : 
Uatersuchtiugeu  lib.  d.  luucrvaliou  d.  HertcaB,  1863.  Bowditch  (Automatic  Contrac- 
tion of  Afiex  Cordis) :  Llouraal  of  Physiology,  i.  ]>.  101  ;  Boridit.  d.  k.  siii'hsiaehen 
Geacllsch.  d.  Wi.>isci«sch.  Math.-idiya.  CI.,  1871,  p.  682.  Briicke  (Closure  of  Semilunar 
Valves  on  Coronary  Arteriea) :  Sitztiogsb.  d.  k.  Akail.  Wieu,  Math.-naturw,  CI.,  xiv.  1854, 
p.  345;  Der  Verschlu.s.s  d.  Kransschloeadern,  1855,  Bninton  (Khythniic  Contraction 
CapiUariiM  in  Man):  J.  Physiol.,  v.  1884-5,  p.  14.  Brunton  and  Cash  (Electrical 
Stimulation  of  Fro){'«  Heart)  :  Proc.  Boy.  Soc.,  xxxv.  1883,  j).  455.  Danthony :  Coa- 
tribntion  ci  IVtudo  de  la  tension  art^rielle  dans  leu  alTectious  cardiaquu.s,  1)381.  Dogpiel 
(InUutnce  of  Music  ou  Circulation) :  Arch.  f.  Physiol.,  1880,  p.  416.  D'Espine  (Esisay 
on  Clinical  Cardiography):  Trans.  Intenmt.  Meil.  Cong.,  1881,  ii.  ]>.  148.  Foster 
(Siiecial  Cose  of  Inhibition) :  Pliiiger'a  Arch.,  v.  p.  91  ;  Text-book  of  Pliysioloj^y.  Gaskell 
(Tonicity) :  J.  Pliysiol.,  iiL  1880-2,  p.  48  ;  alfn  (Structure,  Distribution,  and  Function  of 
Heart  Nerves),  Jbiil.,  vii.  p.  1  ;  idDt)  (Heart  of  Tortoise),  JI/iiL,  iii,  ji.  369,  iv.  p.  48  ; 
aUfi  (niiytlini  of  Heart  r.f  Frog),  Phil.  Trans.  Lond.,  clxxiii.  1883,  p.  993.  Goltz  and 
Gaule  (Intluence  of  Rej^piration  ou  Circulntion) ;  Arch.  f.  d.  ges.  Phys.,  ivii.  1878,  p. 
100.  Goltz  (Vagus  and  Heart) :  Arch.  f.  ]>ath.  Anat..  xxvL  1863,  p.  1.  Gr^hant  and 
Qninquad  (Amount  of  Pressare  neces.viry  to  rujiture  VeitMcU) :  Conipt.  rend.  Acad.  d.  sc. 
C,  1885,  p.  648  ;  (same  in  Lateral  Rupture  of  Arteries)  IhUl.,  p.  203.  Hoffa  and 
Ludwig^  (Cardiograph)  :  Ztwhr.  f.  mt.  Me<l.,  ix.  1850,  p.  102.  Howell  and  Donald- 
son (Amount  of  Ulood  Dischaj'ged  by  Left  Ventriide):  lYoc.  Roy.  Soc.,  xx.xv.  1883,  p.  271  ; 
(lUo,  Phil.  TniuK.  Loml. ,  clxxv.  1884,  p.  139.  de  Jager  (Inlluence  of  Sudden  Insulf.  of 
Aortic  Valve  upon  Arterial  Preeaure)  :  Arch.  f.  d.  pes.  Phya.,  ixxi.  1883,  p.  215. 
Klemensievricz  :  £x]ierimentellc  Bvitrage  zur  Kcutniiu  d.  norm.  n.  path.  Blulstronien 
1886  ;  repr.  fr.  bitrikng->b.  d.  k.  Akad.  d.  Wis«ensch.  Mathnaturw.  CI.,  Wicn,  xciv,,  iii. 
Ab.,  1886,  p.  17.  Landois:  C.r.ipiHclic  Unlers.  iib.  d.  Hcraschlag,  1866;  Text-book  of 
Physiology,  trans,  by  Stirling.  Lang;endorfr(IUiythm  and  Automatism  of  Frog's  Heart) ; 
Arch.  f.  Physiol.,  1884,  suppl.  p.  1.  Ldwit  (Examiuation  of  Circulation  in  Wami- 
bloo<le<l  AuirnaU) :  Arch.  f.  ex5>er.  Path.  u.  Pli.-inuakol.,  xxiii.  1887,  p.  1.  Lud^g^  and 
Dogiel  (Rapidity  of  Flow  of  Blood)  :  Arli.  a.  d.  physiol.  Ansl.  z.  L«i])riK,  1867,  p.  196. 
Magini :  (Presmire  of  Blood  in  Cavities  of  Heart) :  Arch.  itnl.  de  biol.,  viii.  1887,  p.  125. 
Marey  :  Physiologic  oii-dicalB  de  la  Circnlation  du  >Sang.,  1863  ;  nho  (Canliogmph)  Dtt 
mouveni.  d.tns  les  fonct.de  la  vie,  Paris  1^68,  p.  139.  Marey  and  Chauveau  (Cordio- 
gniph)  :  Mem.  de  I'Acad.  de  nied.,  xvlii.  1863.  Martin  (Experiment-i  on  Suction  Pninp 
Action  of  Heart) :  Johns  Hopkins  Univ.,  Stud.  biol.  lab..  Halt.,  \\.  1887,  p.  37.  Natan- 
SOn  (ou  Blood-preasare  within  the  Cajiillariux  after  Ligature  in  muss)  :  Arch.  f.  d.  gvs. 
Physiol.,  xxiix.  1886,  p.  386.  Neumann  (Action  of  Gnlvuidi'  Current  on  the  Frog's  and  on 
the  Mammalian  Heart)  :  Arch.  f.  d.  ges.  Phydol.,  xxxix.  1886,  p.  403.  PohJ-Pincus 
(Trophic  Action  of  Heart  Stimuli) :  Arch.  f.  Physiol.,  1 883.  p.  261 .  Post  (Negative  Pulse 
of  Veins) :  Med.  Rec.  N.  Y.,  xxiii.  1883,  p.  170.  Rutherford  (Innervation) :  Joum. 
Anat.  and  Phys.,  iii.  186P,  p.  402.  S^e  :  Rechercli.  siir  Tanatomie  et  la  physiologic  du 
cn«nr,etc.,18S3.  Sewall  and  Steiner  (Study  of  Action  of  Depressor  Nerve):  J.  Physiol., 
v|.  1885,  p.  162.  Sewall  and  Donaldson  llntrnr.irdiac  Pressure  and  Inhibition 
through  Vagus) ;  J.  Pliysiol.,  iii.  p,  3.'''7.  Taljanzefif  (Inhibitory  Action  of  Vagus) : 
Arch.  f.  Anat  u.  Physiol.,  Physiol.  Ab.,  18S6,  Suppl.  B.I.,  p.  31.  Tarchanoff  (Volun- 
tary Acceleration  of  Heart's  Beat) :  Ar.-li.  f.  d.  ges.  Physiol.,  xxxv.  1884,  p.  109. 
Thompson  (Photography  of  Heart  in  Motion):  Med.  Bee.  N.  Y.,  xxix.  1886,  p.  300. 
Valentin:  Versuch.  ciuer  Physiolog. -|iath.  d.  Henens  u,  d.  Blutgefaw<e,  1866.  Volk- 
mann  :  l>i«  H.amoiiyiiamik,  1850.  Webster  (Production  of  second  Heart  Sonnd) :  J. 
Physiol.,  ul.  1880-82,  p.  294. 
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Conditions  of  Accelerated  Beat  or  the  Heakt. 

PALPITA  TWN. 

486.  Vital  Phenomena— Or  all  functional  rliaorden  thk  fa  A* 
commonest,  niut  is  more  often  {lerhttiw  an  evidence  of  •  p<vdf 
functional  deningemont  than  of  organic  disease,  although  it  k  tamt 
times  associated  with  the  latter. 

The  heart's  action  is  rapid  and  tumultuous,  and  the  apex  abotk 
seems  more  wiilcly  spread,  more  diffused,  than  usnaL  Tba  milBJ 
action  is  commonly  of  a  paroxysmal  cbarecter,  comtng  oo  afi« 
miucular  exertion,  or  induced  by  mental  emotion.  It  i^  pMtaeolatly 
a  symptom  of  anxmia,  more  especially  the  chlorotic  ^""*»»»*fl  «f 
young  girls.  It  is  even  more  pronounced  in  Grave*'  or  BiM«)<nr't 
disease  (exophthalmic  goitre) ;  and  it  is  associated  with  many 
collateral  conditions  such  as  indigestion,  immoderate  use  of  tea 
tobacco,  and  sexual  excesses.  Hence  it  is  impoesible  to  elicit  may 
patholoj^y  which  will  ex]ilain  all  cases. 

Physiolo^cal  Acceleration. — The  rapidity  of  the  heart's  bMt 
may  be  tempomrily  itiHtienced  by  many  minor  cause*.  Thoa  it  ii 
increased  by  taking  nourishment,  and  is  decrcuse<l  by  hunger.  Coll 
(such  as  the  cold-bath)  causes  a  slowing,  while  warmtli  aognents  tk 
The  ditTerence  in  the  frequency  of  the  beat,  when  liie  individual  it  in 
the  prone  and  in  the  erect  positions  is  considerable,  and  ia  greater  ■ 
the  latter.  Muscular  e.xertion  increases  it,  and  bo  does  inersMsi 
rapidity  of  respiration.  In  such  cases,  however,  the  impulse  maj  Ml 
necessarily  Ix)  increased  in  vigour,  nor  has  it  the  diiTuactl  cbaaetsrif 
a  palpitJiting  heart, 

487.  Acceleration  and  Work. — It  must  not  l>c  tappoaed,  ham^ 
ever,  because  a  heart  Wats  rajiidl}',  that  it  necessarily  prrforau  ■■■ 
work.  Tliis  fallacy  has  been  effectually  exposed  by  Viemrdt  sad 
Marey.  A  heart  boating  slowly  but  energetically,  will  perfonn  aaam 
work  than  one  in  which  the  systoles  follow  each  other  rajiidly,  bat  in 
which  they  are  less  vigorous. 


INFLUENCE  OF  THE  INHIBITORY  AND  ACCELERATORY  SERVn 
IN  THE  PRODUCTION  OF  PALPITATION. 

488.  In  the  natural  statey  the  vag^S  seems  to  be  eoiutantljr  aetivt. 
It  is  the  grctit  regulating  nerve  of  the  heart,  tending,  as  it  doea,  to  pal 
a  drag  u(>on  its  action  in  conditions  of  irregularity  cansed  by  altMsd 
tension  in  the  walls  of  the  systemic  arteries.  It  is  qnemtioaaUt 
whether  the  accelerator  nerves  are  also  constantly  in  full  pUr.  It 
seems  more  likely  that  their  influence  is  exerte<i  only  nn  occaaton,  SBid 
tliat  their  assistance  is  less  frequently  required  in  regulating  th«  heart 
than  that  of  the  pneumogastrics. 
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Ladwif^  believes  that  the  only  branchefl  of  the  Hymymthotic  which  induce  accelern- 
tioa  of  thp  heart's  beat,  arc  those  from  the  lower  cervical  guugliuii.  Kutherford  (No. 
5,  iii.  1869,  p.  402)  is  of  a  like  opinion. 

If  the  eord  be  diviJeil  iuiumliatety  below  the  Tnednllu  oblongata  and  stimulated 
el«ctricftlly,  the  heart's  movcineuta  arc  quiokcni^d  (WiUon  Fliilip,  Ludinig,  Tliiry, 
and  V.  Bezold),  •  result  quite  in  kwping  witli  what  we  know  of  the  spiiial  origin  of 
the  accelerator  or  gyni|>at]ietic  nbres. 

The  actiou  of  the  acccleratorB  is  called  forth  by  struug  cuirenta  (Boem,  No. 
104,  iv.  187[>,  p.  266),  and  it  differs  from  that  of  the  pneumogiutrica  in  not  being 
readily  exhausted. 

It  might  bo  supposed  that  one  cause  of  palpitation  would  most  likely 
be  found  in  unduly  great  stinudation  of  the  accelerators.  It  is  doubtful, 
however,  whether  their  influence  could  ever  rise  to  this  pitch  if  the 
vagus  roinaiiied  unimpiiired.  In  liealth,  the  power  of  the  vagus  pre- 
ponderutea  over  thtit  of  the  sympathetic  so  ranch,  that,  if  the  floor  of 
the  fourth  ventricle  be  stimulated  while  the  vagi  are  intact,  their  power 
of  itdiiltition  entirt-ly  neutrali.ses  the  acceleration  of  the  heart's  beat, 
■which  ought  to  follow  as  a  consequence.  It  is  only  when  the  vagi  are 
divided,  that  £ttmulatioii  of  the  fourth  ventricle  calls  forth  the 
accelerating  effects  of  the  sympathetic  (G.  Siie,  No.  284,  p.  240  ;  see 
also  Baxt,  No.  286,  1875).  The  jHJssibility  of  a  protracted  accelera- 
tion of  the  heart's  l>eat  taking  place  through  the  medium  of  the 
sympathetic,  while  the  vagi  are  intact,  appears,  therefore,  to  be 
doubtful. 

The  only  facts  that  would  aj)pear  to  opjwse  this  conclusion  are 
those  derived  from  the  cases  of  individuals  who  have  l>een  shown  to 
have  the  acceleration  of  the  pui.se  under  their  voluntary  control. 
Tuke  (Na  287)  mentions  a  case  where  an  individual  was  able  at  will 
to  accelerate  hi.s  heart  beat  liy  ten  to  twenty  in  the  minute  ;  while 
Tarchanofl"  (No,  I6[),  xxxv.  1885,  p.  109)  gives  full  det^iils,  with 
experimental  investigation,  of  the  cnso  of  a  student  who  had  the  power 
of  accelerating  his  heart's  action  thirty-five  beats  in  the  minute,  and 
explains  the  case,  not  on  the  grounds  of  a  deficiency  in  the  controlling 
power  of  the  vagus,  but  rather  on  those  of  increased  control  over  the 
accelerators.  He  supposes  that  this  comes  to  psiss  by  the  accelerating 
centres  in  the  cord  being  connected  with  a  will  centre  higher  up. 


ACCELERATION  OF  BEAT  IN  UPRIGHT  POSITION. 

489.  The  pulse  beats  more  rapidly  (nine  to  twelve  beats  diff'erence) 
when  the  individual  is  in  the  upright  position  than  wlieii  reclining. 
The  explanation  given  by  Marey  (No.  346,  p.  341)  is,  that  the  vertical 
position  is  favounible,  through  gravity,  to  the  impelling  of  the  arterial 
blood  onwards  in  most  parts  of  the  boily.  In  the  recumbent  position, 
the  weight  of  the  column  of  blood  has  to  be  driven  onwards  by  the 
unaided  contractile  powers  of  the  heart  and  arteries ;  hence  there  is 
more  resistance  and  Uu  arterial  pressure  rises.    The  heart,  consequently, 
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on  tbe  principles  elsewhere   enunciated  (Sect.  492),  beat*  ItM  b»- 
quently. 

PALPITATION  FROM  UNDULY  GREAT  MUSCULAk 
EXERTION. 

49Q.  Lu<lwng  and  Luchsinger  (No.  169,  ixv.  p.  211)  duoorm^ 
that  when  the  intracardiac  pressure  in  the  frog  is  incrMMd,  tht 
cardio- inhibitory  influence  of  the  vagus  is  weakened  and  inaj  b« 
completely  iinnuUed.  Sewall  and  Donaldson  (No.  1 79,  iii  pt  347) 
found  the  amno  in  the  water  tortoi.se  {Pg^drtnys  ruffota)  and  iMft 
sized  bull-frog,  and  state  that  the  pressure  re<|uisite  to  Mreakea  !!• 
inhibit'Ory  action  of  the  vagus  need  nut  be  greater  than  one  to  t«T> 
cm.  blood,  a  pressure  which  comes  within  physiological  limits  Thej 
further  concluded  "that  the  mechanism  through  which  variataeo  df 
pressure  within  the  heart  can  afToct  the  action  of  the  vagns  warn 
upon  that  organ  lies  largely,  if  not  wholly,  wnthin  the  rcnous  nana' 
That  is  to  .xa}',  that  it  is  through  the  venous  side  of  the  hrart  that  an 
increased  intracardiac  pressure  l>ccomes  eH'ectnal  iu  luwerioj;  tkt 
influence  of  tbe  vagus. 

Lustchinsky  (quoted  by  above  authors)  found  that  tba 
similarly  affected  in  the  dog  by  raising  the  intracardiac  preanu 

The  explanation  of  the  phenomnnon  is,  probably,  that  the 
lated  blood  within  the  heart  juits  the  walls  of  the  sinus  and 
uiK)u  the  stretch.  It  is  well  known  that  internal  pressure  excite*  tiv 
heart  to  motion,  and,  in  the  present  case,  this  prolaibly  riaea  aupwMl 
lo  the  retarding  action  of  the  vagu*. 

Tliese  facts  may  go  far  to  explain  the  above  form  of  palpif  tlMi 
When  the  systemic  muscles  are  unduly  exercised,  more  blood  ia  drim 
out  of  them,  and  is  conveyed  up  to  the  right  side  of  the  heart  It 
thus  causes  cardiac  distension,  and  the  resulting  augni«ot«d  eaidiat 
pressure  on  the  venous  side  of  the  organ,  so  stimulates  it  to  ondoly 
vigorous  eS'ort,  that  the  retarding  influence  of  the  vagos  is  for  tht 
time  being  counteracted  The  heart  consc<p>enlly  palpjtatea.  Were 
the  heart  muscle  in  an  unusually  irritiible  condition,  aa  we  may  iluiil 
presume  it  is  in  many  forms  of  palpitation,  it  would  be  more  readilf 
excited  on  the  individual  rising  from  the  prone  position,  rnmuB^ 
climbing  a  hill,  or  making  other  such  muscular  effort  The  enidiae 
nniscle  is  at  once  stimulated  by  the  afflux  of  bloo<l,  the  Tagua  ia 
liortially  or  completely  inhibited,  and  the  pulsations  are  oona«(paatlf 
increased  in  number. 


PALPITATION  FROM  VALVULAR  LESION  OF  THE  ffSAST. 

491.  It  seems  likely  that  the  distension  of  the  right  side  of  tbe 
heart,  consequent  on  the  valvuliu*  defect,  may  be  one  cause  of  Xht 
palpitation  here  also.     Whatever  the  valvular  lesion  of  the  left  ode 
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may  be,  there  is  a  tendency  to  throw  innre  blood  upon  tiie  right  side, 
iiiid  bring  about  a  distension  of  its  cavities.  Such  being  the  case,  the 
heart  muscle  would  1)6  stimulated  to  excess,  and  the  cardiac  beat 
would  \je  accelerated. 

The  regur^tant  recoil  permitted  by  an  incompetent  aortic  valve  will 
allow  of  the  ventricle  being  suddenly  filled  or  distended,  a  condition 
which  is  calculated  to  excite  the  organ  to  tntmiltuons  action  (see 
Cohiiheim,  No.  31,  i.  p.  49),  and  which  might  thus  constitute  another 
reason  for  it  palpitating. 

The  lowering  of  pressure  in  the  arterial  system  might  explain  still 
other  cases  (see  Sect  492). 


PALPITATION  FROM  AN.'EMIA. 

492.  In  the  majority  of  constitutionally  annemic  individuals  the 
heart  palpitjUes  without  there  being  evidence  to  show  that  the  cavitie.? 
are  over-distemled.  There  is  none  of  the  venous  turgescence  of  a 
person  suH'ering  from  the  eft'ects  of  sudden  physical  exertion,  nor  of 
one  afflicted  with  valvular  disease.  The  whole  appearance  of  the  in- 
dividuid  would  point  to  the  pressure  ^ritbin  the  heart  and  vessels 
being  abnormally  low.  The  tendency  to  syncope,  which  is  so  pro- 
nounced a  symptom  in  advanced  anaemia,  would  favour  this  notion.' 
How  are  these  cases  to  bo  explained '( 

It  has  been  shown  by  Marey  (Xo.  34G,  p.  338)  that  the  arterial 
pressure  and  the  rapidity  of  the  heart's  beat  stand  in  inverse  ratio  to 
each  other — the  greater  the  arteriiU  pressure,  the  slower  the  cardiac 
pulsiition. 

The  state  of  the  arterial  pressure  throughout  the  body  is  rapidly 
communicated  to  the  medulla  oblongata,  and  causes  retardation  or 
acceleration  of  the  heait's  beat  according  as  it  is  high  or  low.  When 
the  jiressure  within  the  arteries  is  low,  the  heart  pulsations  increase  in 
frequency  because  the  vagus  centre  is  not  la-ing  excited,  and  allows 
tlie  heart,  either  through  its  own  inherent  properties,  or  through  the 
accelerator  nerves,  to  beat  more  rapidly.  When  the  pressure  within 
tlie  arteries  is  high,  on  the  other  hand,  the  vagus  inhibitory  centre 
becomes  stimulat<5d,  vnth  the  result  that  the  rapidity  of  the  heart's 
beat  is  restrained.     This  does  not  follow  when  the  vagi  are  divided. 
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The  action  of  nitrite  of  amy!  •iomoristrates  very  much  the  ssine  phenomena.  It 
Arterial  and  capillary  dilatation  fol!lowe<l  by  a  lotvering  of  arterial  presgnrc, 

lile  the  liL'art  beats  with  incn-aseil  froijiiGney.  It  is  jirolviblu  that  tlie  iiicreaxed 
heart's  l>eut  ia  occasioned  by  tliv  comlitiou  of  arterial  relaxation  b«iiig  romnuinicaUMi 
to  the  vajfus  centre,  for  when  tin?  vagi  arc  divided  and  a  galvanii:  current  ia  applied 
to  reatoro  a  nonnal  pulse  rate,  uiiiyl  iukalation  will  not  thereafter  quicken  it 
(FJIchne,  quoted  by  Phillips,  No.  296.  p.  836). 

'  It  ihoulil  be  added,  however,  that  although  the  arterial  preaanro  may  be  low  in 
many  anamiics,  it  U  not  always  so.  Broadbeut  (No.  6,  1882,  ii  p.  355)  and  Sanaoro 
(No.  295,  p.  67)  both  atate  that  it  ii  often  bij^h. 
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The  above  explanation  of   the  palpitation  of  aniwnift  taif^  ako 
account  for  the  rapid  pulse  of  fever,  in  which  the  prewnro  u  idd  ta 

sink  ahiionnally  low. 


PALPITATION  FROM  A  DISORDERED  STATE  OF  TSM 
DIGESTIVE  ORGANR. 

493.  This  is  a  common  cause  of  temporarjr  palpitation,  and  pnb- 
ahly  its  pathology  is  not  in  nil  instances  alike.  The  j^nenl  mxfifoi- 
tion  is  that  the  loaded  abdominal  viscvi-a  press  ou  the  bmtt  ud 
mechanically  interfere  with  \ia  free  motion.  This  explanation  will  not 
account  for  alt  coses.  KcHcx  inhibition  of  the  vagiu  by  stimolAttoo  of 
its  peripheral  branches  is  a  much  more  likely  cause. 

It  is  even  possible  that  still  another  interpretation  may,  in  no* 
cases,  be  put  upon  this  variety  of  palpitation.  When  ihe  fiiiwtioM  of 
the  stomach  and  intestine  are  not  properly  fulfilW  certiiin  bye-fvodad* 
— ptomaines — are  generated  in  the  intestine,  which,  whrn  abawbrf, 
have  been  shown  to  act  as  violent  poiaona  (Be«  vol.  ii.,  "  PtomaitMt  "X 

It  is  quit«  likely  that  some  of  these  influence  the  heMt 
directly  or  through  its  none   supply.      ITie    various    abnonn*! 
stituentfl  of  the  blood,  met  with  in  some  diatheses,  sach  as  that  «f  | 
may  act  in  a  like  manner. 


PALPITATION  FROM  THE  USE  OF  TOBACCO  AND  TKA. 

494.  Persons  who  are  excessive  smokers  frequently  sofTer  from 
palpitation,  probably  the  direct  effect  of  the  drug.  Nicotin,  whfm 
em|>loyed  experimentally  in  animals,  is  found  to  cause  a  daprama 
of  the  puUe  rate,  followed  in  course  of  time  by  accelcimttoa.  Ik* 
terminal  branches  of  the  vagus  evidently  become  paralyaad,  and  tba 
acceleration  is  thus  explained. 

The  effects  of  tobacco  smoking  seem  to  vary  in  different  indiridaah. 
In  some,  more  particularly  in  young  smokers,  it  causes  sudden  aknriag 
of  the  pulse,  while  in  those  who  are  habituated  to  its  nae,  tha  aBdct  it 
usually  to  accelerate  it. 

The  immediate  re.sult  of  tea  drinking  is  to  increoae  the  rapidity  at 
the  heart's  ]tenL  In  habitual  tea  drinkers,  pidpitatinn  is  commoo. 
In  many  such  «tses,  it  may  probably  be  explaincnl,  not  by  ita  diraek 
action  on  the  heart  or  its  nerves,  but  by  its  interference  vritJi  dagtatfam. 


PALPITATION  FROM  OTHER  CAUSES. 

It  would  be  impossible  to  enter,  at  present,  into  the  pathology  of 
all  the  proximate  causes  of  pal])itation.  The  before-mentioned  examplai 
are  among  the  commonest,  and  many  other  so-called  causes  can  be  olti- 
mutely  reduced  to  one  or  other  of  these  forme.  In  many  instonoea,  Um 
immediate  exciting  agent  seems  to  be  oollateral  anawnisi 
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CAUSE  OF  THE  INCREASED  IMPULSE  AND  DIFFUSED 
APEX  BEAT. 

495,  The  increased  impulse  imparted  to  the  apex  beat  in  most 
palpitations  is  evidently  dtiu  to  the  spnsmcdic  niaiiiier  in  which  the 
fibre  contracts.  The  diffusion  of  the  beat  may  bo  due  to  a  greater 
extent  of  surface  of  the  right  ventricle  coming  in  contact  with  the 
chest  wall,  Pettigrew  (No.  78,  p.  242)  explains  the  tilting  forwards, 
and  rotation  on  its  long  axis,  of  the  normal  heart  by  the  special 
manner  of  distribution  of  the  muscular  fibres,  and  by  the  anterior 
fibres  being  longer  than  the  posterior.  Were  these  long  anterior 
fibres  to  contract  spasmodically  an  increase<l  surface  would  be  brought 
to  impinge  against  the  chest,  hence  diffusing  the  beat. 

Where  the  right  ventricle  is  dilated,  it  tends,  moreover,  to  occupy 
a  relatively  greater  extent  of  the  anterior  aspect  of  the  organ,  and,  for 
this  reason,  more  of  its  surface  might  actualh'  be  rendered  palpable. 

Conditions  of  Retajibed  Beat  ok  t«e  Hkart. 

49G.  The  heart  sometimes  beats  with  unusual  slowness.  Taking 
the  normal  pulse  as  between  70  and  75  per  minute  in  Man,  it  may 
sink  to  4(1,  20,  or  even  lower. 

The  inhibition  of  the  heart,  in  certain  individuals,  has  been  found 
to  be  under  voluntary  control.  The  case  of  Lieutenant  Townsond  is 
often  quoted  in  connection  with  this  subject.  He  had  the  power,  at 
will,  of  arresting  both  heart  beat  and  respirations,  and  would  lie  in  a 
trance,  as  if  dead.  His  body  bt'gan  to  cool  and  became  stiff,  the  eyes 
stood  immovable,  and,  finall}',  he  hecame  unconscious.  In  a  few  hours 
afterwards  he  recovered. 

The  same  explanation  no  doubt  holds  good  of  this  as  of  those  cases 
of  voluntjiry  acceleration  of  the  heart's  beat^  namely,  that  the  vagus 
centre  (in  this  case)  happens  to  be  more  intimately  connected  than 
usual  with  a  will  centre  situated  higher  up. 

It  is  probable,  on  comparison  with  the  lower  animals,  that,  in  Man. 
cardiac  arrest  may  be  brought  about  reflexly  by  a  variety  of  means. 

Ruthfrfonl  (No.  2»4,  xxvi.  1889-70,  {i.  107)  h«8  shown  thgt  tho  inliil>itory  action 
of  the  vngan  may  bo  excited  in  warm-blooded  animals  by  stimtilntion  of  the  rcntr&l 
did  of  the  depressor  nervu  ;  of  the  ciitral  end  of  the  vaj^s  of  the  opposite  side  ;  of 
ahnost  any  sensory  ncn'o  ;  and,  in  the  frog,  of  tho  abdominal  viscera,  or  of  the 
Bjilarichnii?  and  cervical  synijiatliclii.'. 

The  application  of  ammonia  vapour  to  tho  nose  of  the  rabbit,  and  the  tapping 
of  the  abdomcu  in  the  frog  (Golt/'s  "  Klopf  Veninch  "),  serve  to  inhibit  the  heart'* 
beat. 

M'William  (No.  286,  Dec.  13,  1884,  p.  19  ;  No.  179,  vi.  p.  233)  demonstratwl 
that  the  eel's  heart  can  bo  reflvxiy  inhibited  by  stimulation  of  the  |iarietal  (leri- 
toiii'ura,  of  the  central  end  of  the  vagus  as  it  passes  along  the  oesophagus,  of  the  gill 
aiwrturca  ;  and  of  the  Miucoiiii  membrane  of  tho  month  and  pharynx,  of  the  gills,  of 
tho  fifth  braiiuhial  arch  ;  or  of  thu  branchial  nerves. 
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In  the  case  of  mammals,  ho  also  found  (No.  149,  xUir.  1868,  |k  209)  tfcati 
the  cardio-inhibitory  centre  in  inactive,  section  of  the  vagi  wHaw  c 
change  in  the  licart's  action.     Oti  the  other  band,  section  of  tlut  nan 
controlling  inHucncc  of  the  medullary  centre  is  in  full  activity,  ta  liunmwJ  byi 
increase  not  only  in  the  rate  of  the  canliac  beat,  but  aluo  in  the  oootaelilt  fmm  «f 
both  anriclea  and  ventricles. 

The  vagus,  he  states,  seeuu  to  ez«rt  a  direct  influence  on  the  muKk  «f  tWcBidt 
itself,  and  appears  to  Inhibit  the  apontaaeoos  rhythmio  tattflonqr  iakanml  m  tkt 
veutriclef. 


Conditions  of  Irreoulajuty  in  thk  Heart's  Bbat. 

497.  The  time  occupied  in  the  fulfUment  of  the  rarioiu  fMuta  of 
tho  cardiac  cycle  of  events  may  l>e  altered.  One  event  nujr  ooco|iy  a 
longer  or  shortt^r  time  than  it  ought  tu  do.  An  alteratJon  in  the 
sounds  may  be  so  induced. 

One  of  the  sounds  may  be  doubled.     According  t^t  Harden  (So 
288,    p.    163),  the  first    sound  is  less   frequently  doubled    than 
second,  but  he  has  annotated  twelve  caso«  in  which  the  6r«t  kmiii4] 
was  at  fault.     The  latter  is  usually  an  accompaniment  of  cunatrictod 
mitral  orifice  (Haydon). 

According  to  Roscnstcih  (No.  20^,  vL  p.  129),  Geigcl  first  attcinptrd  tu  «T|dala 

this  phenomenon  by  the  nnt'i^unl  ti'nsitui  in  tlm  puliitooary  artor)-  an'  ' — rtw- 

iug  the  syni'hrtinous  closure  of  the  valves  of  tho  two  vrjawls.     Bait  ••,  |k. 

I'il)  liasadopteil  this  view,  and  rcfcn  to  the  fact  tliat  aitcuosedmittm  xm  -atvr  tk* 
blood  to  regurgitate  ujion  the  lung,  and  hence  close  the  [lulmonaiy  valv*  jraaatanfy. 

Two  successive  pulsations,  ra]>idl.r  abutting  on  one  aaotbvr,  m  uooa- 
sionally  followed  by  an  equally  long  pause  which  sepat-att*:!  the-m  fnm 
the  two  following.  The  condition  is  known  m  couple  rhythm  or 
pulsus  bigeminus  (Tmuh*).  Simibirly,  a  pulsus  trigeminus  or 
quadrigeminus  niny  occasiormlly  bu  noticed  accunlingto  the  wm|s 
of  the  pause. 

The  bigeminal  canliac  |iul86  is  commutJy  e.t]>Iained  by  a  full 
being  followed  by  an  incomplete  diastole,  on  account  of  which,  a  somiMl 
systole  supervenes  jjrematurely.  this,  in  turn,  being  followed  by  •  full 
diastole.  The  same  theory  would  account  for  the  trigemiinU  and 
quadrigeminal  forms  of  jiulsation,  the  immature  diastole  beittg  intor 
po«ed  at  corresponding  intervals. 

Collins  (No.  99,  IB87,  L  i>.  1229)  rappoMs  that  a  rhythmio  rise  antl  Coll  ta  lb> 
■OtlTity  of  the  medullary  canlin-iiihibiliiry  centre,  akin  to  th*-  riiytlua  whick  «• 
know  to  exist  in  connection  with  the  respiratory  and  rasoiuotor  crntr**,  may  i 
for  tho  pulsus  bigeminu*. 

Along  with  these  forms  of  puliation  may  be  incl<ide<l  the 
intercurrens,  in  which  a  series  of  normal  pul^tions  at  regular 
vals  is  followed  by  an  interposed  beat 

The  paradoxical  form  of  pulsation  (Kussmaul^  is  whero  the 
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beat  varies  in  quality  during  infipiration  and  ex]>irntion.  During  in- 
spipdtion  the  pulse  Ijecomes  weak,  to  gain  strength  during  expiration. 

A  high  atul  a  low  beat  may  alternate.  The  condition  is  known  as 
the  pulsus  alternans  (Traube).  The  muscle  apparently  has  not 
time  to  recover  itself,  so  as  to  impart  the  full  impidse  to  the  secood 
beat. 

Intermittent  pulsation. — The  heart  heats  normally  for  six,  eight, 
or  more  pulsations.     There  is  tlien  a  more  or  less  prolonged  pause. 

It  is  common  in  gastric  derangements.  It  is  questionable  whether 
the  heart  is  actually  arrested  in  the  interval.  It  is  more  probable 
that  the  heat  is  so  feeble  as  to  be  imperceptible. 

A  cftse  U  refemid  to  in  Ctrpenter'a  Phyiiolo^y  (1881,  p.  296]  in  which  tlie  licart's 
rhythm  iutormitted  for  four  to  six  beata.  Its  stoppago  wu  aocompoiDied  by  intense 
■uflering. 

The  intermission  is  usually  followed  by  a  irowcrful  pulse  wave,  be- 
cause the  arteries  have  had  time  to  relieve  themselves  from  any  disten- 
sion, and  the  blood  impelled  into  them,  in  their  half  empty  state,  renders 
their  ezpaasioa  ail  the  more  apparent 

C.'VRDIAC   A.STHENIA. 

498.  Under  the  term  "  weakened  condition  of  the  heart "  Stokes 
drew  attention  to  n  very  serious  form  of  functional  derangement.  The 
phenomena  of  most  importanco  connected  with  it  lu-e  an  extremely 
weak,  almnst  impoiTcptibIc,  apex  heat,  a  quick  ( 1 08  or  more  in  a  minute) 
and  feeble  pulse  liable  to  exacerbations,  attacks  of  cai'diac  asthma, 
tendency  to  syncope,  and,  occa-sioiiaJly,  angina  pectoris.  The  luiiial 
pulse  sometimes  has  the  bigeminal  character. 

The  disease  is  almost  always  associated  with  dilatation  of  the  left 
ventricle  and  increiise  in  the  size  of  the  heart,  but  with  no  other 
apparent  cardiac  lesion. 

It  is  a  |)articuiarly  thingerous  disease  in  coqndent  individuals,  and  in 
a  corpulent  woman  who  becomes  pregnant,  it  frequently  proves  fatal. 


Cardiodynia. 

499.  Cardiac  neuralg^ia  is  common  enough  as  a  tcm[iorary  affec- 
tion. A  special  variety  of  cardiodynia  is  what  is  known  as  ang^ina  or 
angor  pectoris  The  disease  was  first  systematically  described  by 
Heberden  (No.  291,  p.  308). 

In  true  angina  pectoris,  the  pain  comes  on  in  paroxysms,  usually 
preceded  by  premonitory  symptoms  of  various  kinds.  The  pain  or 
anguish  is  of  a  peculiarly  distressing  character,  and  although  it  has  ita 
head  centre  in  the  region  of  the  heart,  is  i-aroly  confined  to  it,  but 
tends  to  radiate  along  the  brachial  plexus  {left  most  often — Sturge), 
and  into  the  neck,  or  it  may  extend  into  the  intercostal  spaces.    The 


576 


THE  HEART 


ruam 


[>ain  causes  spasmodic  contraction  of  various  muscles,  and  imparU  ■ 
expression  to  the  countenance  which  has  been  compared  to  tba  afpat^ 
ance  of  anxiety  seen  in  an  animal  the  subject  of  cx^M-riaieiiM  «a  tkt 
pneumug:istrics.  The  symptom  is  <jft45n  u$.«ucial«>d  with  gad,  mi 
hence  was  culled  by  Butter  diaphragmatic  gout. 

The  pathology  of  angina  is  as  yet  very  unsatisfactorily  explatatd. 
That  the  inflamed  human  heart,  or,  at  least,  it*  epicapdinm,  » i»- 
tensely  sensitive,  cannot  he  doubted  after  witnessing  UM  agmf  mlM 
forth  on  touching  it  with  a  trochar  or  caimula  in  the 
pankcentesis  poricanlii. 


nm  1>  Ik*  ^    ^ 
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Haroy  (No.  346,  p.  87)  regards  the  normal  mammalian  heart  ••  h»ia§  i 
pain,  and  qnotos  Harvey  u  having  touched  the  heart  with  the  flngMs  te  IW  am 
at  •  son  of  Lord  Montgomery,  who  suffered  from  a  patent  wooad  of  the  tbonekad, 
received  in  iiiritnry,  without  eliciting  senMtioo  of  any  kind  in  the  ftirtt  ta  ■■§ 
of  telopia  eordit,  the  same  fact  has  been  fre<|tieiilly  rrrilietl.  Ho  eaavrU  that  aBBsii^ 
vie,  introdnped  into  the  heart  do  not  provoke  signs  of  (lain  in  an  animal,  bat  «Am 
roughly  handled  disturb  its  rhythm. 

(iolt2  (No.  13,  xxri.  1863,  p.  &),  on  the  contrary,  alleged  that  the  tre^  haitaw 
itousitivu,  and  that  the  moat  impressionable  part  wan  tlii>  ninu*,  th*  MarfUBtf^^ 
minishing  from  this  region  downward*. 

Its  sensitive  nerves  are  generally  supposed  U  be  the  luporior  cafdiae  htaaAaif  : 
the  vagoa     There  ia  no  evidence  to  prore  that  some  of  the  sjiiniwlhslis 
branches  may  also  posaes*  a  like  function.    The  {leculiarly  distnsaiag 
the  pain  would  seem  to  point  to  the  vagus  being  implicated  in  tru  ingtafc 

Morbid  Substrata. — Ordimm/  mrdiitl^ut  may  be  simply  m 
ponir}'  neuralgic  alTection,  or  it  may  be  concomitant  with  h7*l•al^ 
epilepsy,  Basedow's  diaeaae,  or  dyspei>siai,  or  an  Bccomiauiimoat  «( 
mental  denuigoment.  In  true  angina  pteloris,  however,  there  w  uaoidlj 
some  distinct  morbid  anatomical  snbstratum.  The  commoiicvt  net 
with  arv  i-'ddfiraiion  with  ocdutim  of  the  eonmarf  arteries,  ckmut  mi^ 
carditU  witk  mlvular  Ir.nim,  aiuuritm  vf  the  aorta,  fmeardiiit,  dO^niiitm  cf 
Iht  hfxirl,  iiiui  chronic  vii/ofttrdxlit. 

It  is  often  asserted  that  the  cardiac  plexm  is  at  fault  It  has  Bmb 
stated  to  be  in  a  condition  of  hy{>erwntia  or  inflammation.  That  thr 
cardiac  plexus  is  not  the  actual  seat  of  the  malady,  would  aeen  to  \m 
borne  out  by  tiio  fact  that  so  little  pain  frequently  accompanies  aiMor- 
ism  of  the  aorta,  a  disease  in  which  it  must  bo  serioiuly  compraMad. 
Disease  of  the  heart  muscle,  in  some  form,  is,  pcrhajis,  the 
gross  abnormality. 

Condition  of  the  Arteries. — Bmnton  (No.  59,  1867,  ii  p. 
No.  5,  V.  p.  92  ;  and  No.  293,  iii.  p.  191)  was  led  to  believe,  from  the 
limited  apo.Y  and  other  characters  in  the  sphygmographie  trmaa^ 
taken  during  the  i>eriod  of  the  attack  of  {xiin,  from  a  man  with  aoctie 
disease  and  angina-like  spasms,  that  the  arteries  were  in  a  atata  U 
tuiduly  great  tension.  He  employc<l  nitrite  of  amyl  for  rehef  of  the 
vascular  spasm  witli  almost  complete  success.  This  spasm  of  the  rtmti» 
has  been  roganled  by  some  (Truube,  Nothnagel,  etc.)  as  bein^  ia 
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way  intimately  connected  with  the  cause  of  the  disease.  A  more  likely 
view,  liowever,  probably  is,  that  the  spasm  of  the  vessels  and  rise  in 
blood  pressure  are  due  to  the  pain. 

In  a  case  which  came  under  the  notice  of  the  author  some  time 
since,  the  only  lesion  was  a  chronic  fibrous  myocarditis  of  the 
ventricles.  The  wall  of  the  ventricle  was  over  an  inch  in  thickness, 
owing  to  excessive  deposit  of  fibrous  tissue.  The  nerves  and  muscular 
fibres  were  surrounded  by  the  cicatrix-like  mass,  and  were  compressed 
and  atrophied  from  the  pressure  of  its  fibres.  The  explanation  which 
seemed  most  feasible  was,  that  the  pain  had  been  caused  by  the  pres- 
sure of  the  cicatrix  upon  the  cardiac  nerve  terminations,  very  much  as 
in  the  case  of  a  tight  cicatrix  in  a  stump. 

Literature  on  Angina  Pectoris. — Balfour:  Edia.  Med.  J.,  xxvi  1880-1,  p.  769. 
Barr:  Med.  Press  and  Circ.,  xxxvii.  1884,  p.  280.  Gairdner :  Reynolds'  Syst  Med., 
iv.  1877,  p.  535.  G^lineau:  TraiU  de  I'angine  de  Poitrine,  1887.  Hay  (M.):  Prac- 
titioner, XXX.  1883,  pp.  179,  321.  Hucbard :  Rev.  de  Med.,  April,  June,  Aug.,  and 
Sept,  18S3.  Putnam:  v.  Ziemssen's  Cyclop.  Pract.  Med.  Suppl.,  1881,  ji.  604. 
Stui^e :  Brain,  v.  1883,  ]>.  492. 

Literature  on  functional  Diseases  of  Heart. — Broadbent :  Brit.  Metl.  J.,  1887,  i.  pp. 
655,  707,  763.  Da  Costa  (Irritable  Heart) :  Ani.  J.  Med.  Sc.,  1871.  Feuerbacb : 
Berl.  klin.  Wochnschr.,  xvii.  1880,  p.  670.  Fothergill  (Palpitation) :  Lancet,  1870,  ii. 
p.  179.  Fraenkel  (Weak  Heart) :  Berl.  klin.  Wochnschr.,  xvu.  1880,  p.  12.  Gar- 
land :  Boston  M.  and  S.  J.,  cix.  1883,  p.  25.  Hurd  :  Med.  Bee.  N.  Y.,  xxiv.  1883,  pp. 
422,  537,  699.  Jacob  (Reflex  Influence  of  Baths  on  Heart) :  Arch.  f.  path.  Anat, 
xctL  1884,  i>.  36.  Keyt:  Boston  M.  and  S.  J.,  cix.  1883,  p.  30  ;  J.  Am.  Med.  Ass. 
Chicago,  1883,  i.  p.  135.  Kriahaber :  Gaz.  hebd.  de  ratA.,  ix.  1872,  p.  323  elseq;  also, 
Diet,  encycl.  d.  sc.  xaiA.,  xiv.  1873,  p.  100.  Lannois  :  Rev.  de  nied.,  iv.  1884,  p.  424. 
Myers :  Diseases  of  the  Heart  among  Soldiers,  1870.  Osier :  Overstrain  of  the  Heart 
(Bibliography),  Montreal,  1878.  Robinson:  Med.  Bee.  N.  Y.,  xvii.  1880,  p.  718. 
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Weights  and  Measurements  of  Nurmal  Reaxt 

500.  For  the  last  thirteen  years  the  author  has  kept  an  »^rv'» 
record  of  the  size  of  the  apertures,  the  thickness  of  Um  walk,  ikt 
length  of  the  rentricuhir  cavities,  the  weiglit  of  the  organ,  etc,  in 
neurly  every  cadaver  which  has  passed  under  his  hands  as  patlMlo^tt 
to  the  ?^iiiiburgh  and  Alicrdeen  Roytd  Infirmaries.  Tba  fiMli  4M*ii 
therefrom  have  mainly  served  as  the  basis  of  ttic  following  coodnifaaa 

The  measurements  of  tlie  orifices  were  all  made  Ity  ranaa  of  tkl 
gra<iuate(l  cones  previously  described  (Sects.  I  and  5). 

The  size  of  the  ventricles  was  estimated  by  measimng  the  ■IH**"* 
from  thf  apes  ofthf  omlf/  up  to  ihc  boM  of  the  nearest  rigmaid  aup.  It  % 
of  course,  apparent  that  this  method  of  ascertaining  the  naa  of  tkt 
ventricle  is  oi>on  to  objection.  As  a  matter  of  pxi»cri<"nc«,  howvw;  it 
will  lie  fnuml  that  it  gives  a  much  more  iiccurate  o«timat«  of  the  toUi 
caiNicity  of  the  cavity  than  might  at  first  bn  supposed,  and,  wbcD  ean- 
bined  with  a  description  of  ibt  general  apiieanince,  must  bo  heU  to  h* 
infinitely  preferable  to  any  unsujuwrtwl  stHtemeuL 

Tlie  meajturemcnt  of  the  walls  was  always  taken  at  their  lliiniMi 
and  at  their  thickest  parts.  The  subiiericardial  fat  was  not  iodadsd,  asd 
the  parts  soloctod  were  those  intervening  between  th«  moaeiili  |apA- 
lares. 

The  following  figures,  of  courao,  represent  arerBge  niwsumiiuiiU. 

In  estimating  the  weight  and  dimensions  of  any  organ,  h  is  aees*' 
HU-y  to  draw  conclusions  only  from  healthy  individuala  who  have  oA 
their  death  suddenly  from  traumatic  causes.  In  no  case  oa|^  this  10 
lie  more  rigidly  juihcrcti  to  ihnn  in  thai  of  the  heart' 

Tito  following  Rtiiti»tics   were   derived   from   the   exainiiMtMMi  of 
X  malf-M  und  of  four  females,  all  orss*  nine 


ity-i 


jrwni 


'  The  ducrr)Hii)clc«  to  b«  fonml  In  tliv  ftguro*  ){4<r«i>  by  PMraek,  rVcullaaldc 
KuMiulxiu  oud  otkvn,  arc  doubtlcM  ilur  to  (kUnn  la  ilia  ooMrraiw*  of  tKa~        '■■ 
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who  were  in  perfect  health  at  the  time  of  death,  and  who  were 
accidentally  killed. 

The  heart  was  excised  in  all  cases  by  cutting  through  the  arch  of 
the  aorta  at  its  middle,  and  through  the  pulmonary  artery  close  to  its 
bifurcation.  The  attached  parts  of  the  vessels  were  included  in  the 
weights,  and  the  organ  was  opened  and  washed  out  before  the  weight 
was  ascertained. 

The  results,  briefly  stated,  show,  that  the  commonest  weig^ht  of 
the  maie  heart  was  from  12  to  13  oz.,  and  that  it  ranged  between  10 
and  16  oz.  They  also  demonstrate  thaji  the  heaviest  organ  occurs  in 
the  tallest  individuals,  although  there  were  exceptions  to  this  rule,  and 
that  the  heart,  although  generally,  was  not  invariably  of  low  weight 
in  persons  of  small  stature. 

In  the  female,  the  organ  usually  weighed  between  10  and  11  oz. 
It  ranged  from  7  to  15^  oz. 

The  diameters  of  the  various  orifices  were  found  to  be  as 
undemoted  in  the  accompanying  table  : — 


Diams.  of  Orifkea- 

-Male. 

Greatest. 

Least. 

Average 

Aortic    . 

1-3  in. 

•9  in. 

1      in. 

Mitral    . 

•       1-8  „ 

11   » 

1-4    „ 

Pulm.  Art. 

■       1-5  „ 

1       „ 

1-2   „ 

Tricuspid 

•       2-2   „ 

1-3   „ 

1-8   „ 

Diams.  of  Orifices— 

-Female. 

Greatest. 

Least. 

Average 

Aortic    . 

1     in. 

•8  in. 

•9  in. 

Mitral    . 

1-5   „ 

1      ,, 

1-2   „ 

Pulm.  Art. 

.        1-3  „ 

1      » 

1-1    „ 

Tricuspid 

1-7   „ 

1-4  „ 

1-5   „ 

The  taller  the  subject,  the  larger  the  orifices ;  but  there  are  excep- 
tions to  this  general  statement.  When  one  of  the  orifices  is  large  the 
others  are  usually  correspondingly  so. 

The  measurements  of  the  ventricular  cavities,  estimated  from 
the  fixed  points  before  mentioned,  show  that,  in  the  male,  the  lowest 
for  the  left  ventricle  was  2|  in.,  the  highest  3J  in.,  and  the  average 
3^  in. ;  while,  in  the  female,  the  lowest  was  2  J  in^  the  highest  3i  in., 
with  an  average  of  3  in. 

That  of  the  right  ventricle  in  the  male  ranged  between  3  and  4  in., 
with  an  average  of  3|  in. ;  while,  in  the  female,  it  lay  between  3  and 
3  J  in^  with  an  average  of  3^^  in. 

The  thickness  of  the  left  ventricular  wall  was,  as  a  rule, 
found  to  be  about  \  in.  at  the  apex,  and  J  in.  at  the  base,  both  in  the 
male  and  female ;  while  the  right  ventricle  was  on  an  average  ^  in.,  all 
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over,  in  both  sexes.    Parte  of  it  occasionally  measnred  as  mach  u  |  ia. 
or  as  little  as  ^  in. 

As  the  following  statistics  of  diseased  hearts  include  both  malei 
and  females,  it  will  be  necessary  to  frame  an  approzunate  statement 
of  the  weights  and  measurements  for  comparison.  The  following  it 
founded  on  the  different  averages  just  given  for  both  sexes. 

TABLE  OF  AVERAGE  WEIGHT  AND  MEASUREMEXTii 
OF  THE  NORMAL  HEART. 

Weight  10  to  13  oz. 


CavUie$m»d  Wall*. 

L.  Vent.   .  .3     in.  to  Si  ia. 

Wmll  \  in.  (at  thinn«rt)  to  i  in.  (st  thickwt) 
R.  Vent.   .  .     SA  in.  to  3|  iL 

Wall         ...        I  in.(aQo?fr) 


Diams.  o/Or\/ke$. 

Aortic    .  .       '9  to  1     in. 

Mitral    .  .        .     1*2  „  14  „ 

Pulm.  Art.  .                 .1-1  „  1-2  „ 

Tricuspid  .        .1-6  „  1-8  „ 

LUeraiure  <m  Weight  and  DimenMont  </  Heart  in  Health  and  Ditetue.  — I 
Ueb.  d.  Volnmen  d.  Herzens  n.  d.  Weite  d.  Art  pulm.  n.  Aorta  aacend.  in  d. 
LebenRalterD,  1879.  Camuuum:  Med.  Qax.  N.  Y.,  vi  1870-1,  pp.  189.  18S,  SSL 
Peacock;  Tnuu.  Path.  See,  xiil  1862,  p.  64  ;  alto,  Reynolda'  Syat  Med.,  ir.  1877, 
p.  3;  alto,  Mootb.  J.  Med.  8c.,  1854.  von  Buhl  (Meaimreinent  of  Venta.  and  LMp 
Veaaels) :  Mitth.  a.  d.  path.  Inot  zu  Munchen,  Stuttg.,  1878,  p.  S<. 
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THE  HEART~(Continued) 

DISEASES  OF  MYOCARDIUM 

Fatty  Heart. 

501.  Definition. — ^Two  diseases,  to  a  certain  extent  antagonistic  in 
their  origin,  are  included  under  this  designation — (1)  An  infiltration 
or  loading  of  the  heart  with  fat  (cor  adiposum) ;  and  (2)  a  true  fatty 
degeneration  or  metamorphosis  of  the  heart  muscle. 

Fatty  Infiltration. 

The  subepicardial  fat  is  much  increased  in  quantity,  especially  in 
the  auriculo-ventricular  furrow.  The  fat  sometimes  peneteites  into 
the  heart  muscle,  and  is  said  to  occasion  an  atrophy  of  the  fibre. 
Such  a  result,  however,  is  rare,  if  it  ever  follows.  It  is  more  likely, 
in  cases  where  atrophy  of  the  fibre  has  been  present,  that  the  fat  has 
merely  taken  the  place  of  the  heart  tissue,  just  as  sometimes  happens 
in  other  organs  (e.g.  the  kidney). 

Cases  have  been  recorded  in  which  the  fat  has  accumulated  to  such 
an  extent  as  to  interfere  with  the  motion  of  the  organ  (Fother^ll, 
Leyden,  etc.) 

Fatty  Degeneration. 

502.  This  is  a  much  more  important  disease,  from  the  fact  that  it 
tends  to  impair  the  integrity  of  the  heart's  contractions. 

It  may  conveniently  be  considered  under  three  subdivisions:  (1) 
General  fatty  degeneration  where  the  whole  heart,  or  an  entire 
ventricle,  is  afi'ected  ;  (2)  where  the  disease  is  localised  to  a  particular 
spot  of  the  heart's  wajl,  and  where  the  degeneration  is  a  secondary* 
effect  of  some  pre-existing  disease  of  the  organ ;  and  (3)  where  it  is 
due  to  poisonous  substances. 
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(1)  GENERAL  FATTY  rtEGENEBATION. 

Naked-eye  Appearances. — The  heart  ia  nsaally  bdoir  i 

age  size,  ami  is  undirniiiirisbeil.  Its  Rurfacc,  however,  w 
covered  liy  a  somewhat  ilense  layer  of  cpicardiivl  fat.  It  f«c)«  In  i 
flttbby,  lias  a  general  piile  fawnbro^m  colour,  variegate*!  with  psjriik 
yellow  striie  in  thu  parts  which  are  the  special  suiit  of  the  (Ic^geiMnliaa 
The  coronary  arteries  are  quite  pervious,  lUid  are  tuoaOy  b«e  tnm 
disease. 

The  parts  in  which  tlio  degeneration  is  moat  erideat  m  ikt 
miuculi  piipUlitm  and  cduvnut  ainuir.  The  left  ventricle  w  taon  eilH^ 
and  more  extensively,  fntty  than  the  right,  and,  fnqacntljr,  tlw  «Mt 


Fio.  181 — tAtrt  Dm«muutioii  or  Uvmnrun  PunuaBi 

of  it«  mosculi  papillares  and  culuninie  may  l>e  found  eiiat 
implicated  in  the  degeneration.     The  appearance  they  prvam^ ' 
characteriatic 

They  may  not  lie  much  reduced  in  hulk — at  leaat  not  diip^ 
portionatoir  to  the  rest  of  the  heart.  The}'  gonendly  hava  tlM  KJ^ 
brown  colour  of  the  heart  miigrle,  hut,  over  and  nlmvv  thia,  imiamt 
a  ttriuttd  or  Irrx-ndUd  ap|)Ciinince  from  there  Iteing  wavy  pal«<  reUov 
•triap  running  acruM  them.  The  appearance  has  been  cotnparai  to 
that  of  a  thrush's  breast,  or  the  fur  of  a  tabby  cat  Tbo  broWB 
ooknired  int««rv<ds  between  the  yellowish  sthte  are  of  equal  la  iiMllh 
with  the  latter,  usually  about  half  a  line  in  extent 
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When  the  muscular  tissue  is  incised,  it  presents  an  anfemic  appear- 
ance, the  ijtriation  which  is  so  evident  immediatclj'  beneath  the  endo- 
cardium is  lost,  and  a  uniform  pale  yellowish-brown  colour  takes  it-s 
place. 

The  cause  of  the  striation  is,  that  the  bands  of  yellow  tint  are  fatty, 
while  the  fibres  in  the  intervening  bro'ivnish- coloured  interval  are 
almost  healthy.  It  is  one  of  the  characteristics  of  this  form  of  fatty 
degeneration,  that  the  fibres  are  never  universally  fatty.  Wlint  it  is 
that  determines  their  becoming  fatty  in  the  regular  band-like  intervals, 
above  referred  to,  has  not  as  yet  been  explained. 

Eichorst  (No.  323)  lias  8ho^vn  timt,  in  birda,  dogs,  and  rabbits  there  lat  certain 
branches  of  the  pneumogastric  which  ]>o<isesa  a  direct  trophic  action  upon  the  mus- 
cular fibres  of  the  heart,  so  that  when  the 
tninks  o(  the  vagi  are  divided,  fatty  dpgoner- 
.ttioD  follows  in  the  heart  mu.iolc'  nithin  a  ffir 
days.  Wlirther  the  jiortial  diatribiitioii  of  tlie 
degeoeratinn  is  due  to  the  areas  of  expansion 
of  the  temuoal  tilainenta  of  these  nerves  may  be 
ojien  to  conjecture. 

Microscopic  Appearances. — The 

earliest  change  noticeable  in  the  fibre  is 
the  jircripildtion  of  JlncUj  ipwimldr  tilhtimi- 
«0tu  matter  in  the  myosin — a  cloudy 
■welling.  The  fibre  increases  in  dimen- 
sions, is  more  regularly  rounded,  the 
strias  become  indistinct,  and,  here  and 
there,  a  small  oil  <jMnilc  may  bo  detected. 
The  granularity  vanishes  on  the  addition 
of  glacial  acetic  acid  or  solution  of  potash, 
thua  showing  that  it  is  of  an  albuminous 

nature.     Side  bj'  side  with  tiioso  fibres  may  be  seen  others  which  are 
comparatively  little  altered  or  quite  healthy. 

In  a  stage  somewhat  more  advanced,  the  oil  globules  increase  in 
numlter.  They  are  scattered  diffusely  thiough  the  fibre,  and  are 
always  more  abumlatit  in  some  parts  of  its  course  than  in  others. 
They  are  sometimes  aggregated  round  the  muscle  nuclei,  but  the 
latter  do  not  appear  to  be  the  points  of  dejiartiire  of  the  degeneration. 

When  the  degeneration  has  reached  its  climax,  the  fibres  assiune  a 
black  granular  appearance.  They  can  be  readily  distinguished,  on  this 
occoiuit,  with  a  low  magnifying  power,  from  those  which  as  yet  have 
not  degenerated  ;  and,  with  a  higher  amplification,  the  globules  within 
them  can  be  seen  a.s  clear  centred  highly  refractile  bodies,  differing  a 
little  in  size,  but  not  much,  if  at  all,  larger  than  a  coloured  blood 
corpuscle.  The  majority  of  them  are  considerably  smaller.  The 
globules  are  held  together  by  the  remains  of  the  albumin  of  the  fibre. 
The  whole  fibre  appears  to  be  enlarged,  and  resembles,  unless  in  shape, 
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a  compound  granular  corpuscle.    It  ultimately  disiat^nUa  aad 

the  globules  to  esca})e,  its  destruction  Iteiug  thus  completed. 
Causes. — Grmrul  uiwrnin,  more  particularly  pngrtttitt 

anamia,  is  by  far  the  commonest.     When  an  animal  is  rentlerad  i 

ficiall}'  an»mic  by  venesection.  Um 
muscio  becomes  fatty.    Hence  the  jtiatkm- 
ship  of  the  ann^mia  to  the 
is  probably  simply  one  of 

EfTects.— The  ht-nrt  moade  Bey  md- 
dtnhj  fail  t^  coiic-  with  th»  btood  vitka 
it,  and  thus  induce  a  rapid  ayanipi 
What  is  even  more  usual,  ia,  thai  in 
gradiuiUy  becomo9  incompetent  %a  obrt 
on  the  circulation,  and  the  indiridnel  iliei 
in  a  state  of  ndthenia.  Whether  Mok  • 
heart,  when  advancc^l  in  the 
recovers,  is  unknown.  If  the 
were  remedie<l,  it  is  {loasiUe  tlut  tt  i 
.\b  before  mentioned,  there  in  thnep  • 
large  proportion  of  the  flbree  vhkh  ■• 
unaffected  ;  and  it  is  likely  thet  the  pile* 
of  those  de8troye<l  would  bo  (luicUj  flkd 
up  by  others  freshly  generated. 

This  form  of  fatty  heart  doee  net  fi»- 

dispose  to  aneurism  of  the  organ,  appirently  because  the  deetrastiaa 

of  the  fibre,  at  any  given  point,  is  always  partial. 

For  offecte  u{>on  the  pulse  tracing,  consult  Kisch  (No.  43^  ni 

1884,  p.  132). 

(i)  PARTIAL  FATTY  DEQESERATION. 


Fki.  ivo.— Pimr  bKicmaunoK. 
Hkakt  ViHut  (xaso  UtAin.) 


503.  Causes. — The  di8eaa<ts  of  the  hcjirt  which  precede 
usually  such  as  exert  an  ischasmic  influence  U{>on  the  part  inf 
Thus,  of  all  aiuses,  disease  of  the  coronar)'  arterieH  is  the  most 
The  branches  of  these  vessels  may  be  regarded  as,  in  greet  pert,  tar 
minal  in  their  distribution,  hence  when  they  become  ellwRNBatfla^ 
calcareous,  or  thrombotic,  the  nourishment  of  the  heart  suffers  loeillj. 
A  patch  of  fatty  degeneration  may  sometimes  be  seen  at  the  tip  of  e 
rousculus  papilla^i^  underlying  an  old  endocardial  thickening  ;  bat  ia 
chronic  general  fibrous  myocarditis,  fatty  degeneration  of  tlie  Sbn 
need  not  follow,  provided  that  the  arterial  supply  remains  unnapainl 
In  the  neighbourhood  of  an  abscess  of  the  heart,  the  fibre  will  abo  be 
found  to  bo  more  or  K-ss  fatty. 

General  Appearances. — The  striation  of  the  heart  wall,  whkk 
is  so  striking  a  feature  of  the  foregoing,  is  usually  absent  in  tfai«      ^' 
its  place,  a  patch  of  muscle,  most  likely  that  of  a  ventricle,  is  aol  - 
hes  become  extremely  friable,  sometimee  gelatinoos  in  texture,  and  it 
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of  a  jiale  yellowish-brown  colour  {mi/aimlachia  cordvi).  Tlie  degenerated 
patch  sometimes  has  a  greasy  feeling,  and  oil  globules  may  bo  detected 
with  the  naked  eye ;  while,  microscopically,  the  appearances  before 
described  are  at  once  e\'ident,  the  degenerated  fibres  being  more  abun- 
dant than  in  the  general  form. 

Although  it  is  more  common  to  find  the  degeneration  localised  to 
(mf  spot,  yet,  in  some  cases,  there  may  be  several,  corresponding  to  the 
number  of  vessels  whoso  circulation  has  been  interrupted. 

Hifects. — The  diminished  resistance  of  the  wall  may  lead  to  an 
aveurisnuU  buitjiiuf  of  the  endocardium  ;  or  a  simple  rupture,  with  fatal 
extravasation  into  the  pericardium,  may  terminate  the  patient's  life. 

The  degeneration,  on  the  other  hand,  may  bo  limited  to  so  small  an 
urea  that  no  perceptible  ulterior  influence  can  be  detected. 

Qiuin  (No.  34,  xxxiii.  1850,  [i.  153)  givvs  twenty-five  in  aixty-uight  caaea  aa  Ilia 
projiortion  in  which  nipture  of  the  lioart  from  fatty  degoneratiou  had  occurrwl. 

Liirmliire  on  MyotiuiUushia  CordU. — Laveran  :  Uniun  tn^d.,  1878,  iiiii.  Tautain  : 
De  quelquc-s  l^iona  den  artireii  corouoireft  coiunie  cau.sc  d'nlt^ration  du  myocordc.  TIkm; 
d<  Paris,  1878.  Virchow:  Arch.  f.  rnfi-  Anal.,  It,  1862,  p.  266,  Wa^er:  Areli. 
d-  HfiJk.,  i.  1860,  p.  185.  Wilks  and  Moxon :  Lectures  on  Path.  Aimt.,  1875,  ji. 
122.     Ziegler  (Myoraalnchia):   Arch.  f.  jinth.  Anat,  xc.  1882,  p.  211. 

(3)  FATTY  BEGENERATION  FROM  POISONOUS  SUBSTANCES. 

604.  Phosphorus  has  long  been  notorious  as  a  toxic  agent  whose 
effects  manifest  themselves  in  fatty  degeneration  of  various  organs  and 
tissues,  the  heart  inchided.  Arsenic  and  antimony  possess  similar 
proi>erties,  although  they  are  less  harmful. 

Wagner  (No.  211,  p.  305)  gUte«  that  v.  Haiiff  (1881)  wils  the  first  to  show  that 
(atty  liver  was  a  frequent  coincidence  in  phosphorous  jwiiaouing.  Wagner  himself 
(No.  324).  Lewin  (No.  13,  xxi.  1861,  p.  506),  Klfla  (No.  13,  xxxiiL  1865,  p.  442), 
Senftlrtien  (No.  13,  xxxvi.  1866,  p.  620),  auJ  iiiauy  others,  have  since  proved  6X{ieri- 
incntally  that  the  heart  suffers  fatty  degeneration  along  with  other  tissues.  The 
whole  muscular  system  sooms  to  be  iiffecte<l  by  it. 

Saikowsky  (No.  13,  xxxiv.  1865,  p.  73),  and  Grohc  and  Hosier  {IM,,  [s  208), 
demonstrated  that  arsenic  and  autiinouy  have  a  like  effect. 

CHEMICAL  ANALYSIS. 

505.  Weber's  (No.  13,  xii.  1857,  p.  326)  researches  seemed  to  show 
that  the  total  amount  of  fat  conUiiiied  in  the  organ  did  not  materially 
differ  from  that  of  one  in  health.  This  may  probably  be  accounted  for 
by  general  emaciation  having  been  present  in  the  cases  he  e.xamined. 
Boettcher  and  Valentiner  (quoted  by  Schroetter),  on  the  contrary, 
found  it  to  be  au$nneiited. 


FATTY  HEART  FROM  A  FORENSIC  POINT  OF  VIEW. 

506.  It  is  frequently  a  matter  of  e.\:treme  importance  medico-legally 
to  be  able  to  recognise  the  fatty  heart,  or,  quite  as  much  so,  to  be 


580 


THE  HEART 


rASTBl 


able  to  say  when  a  heart  is  not  fatty.  When  the  uneqairocal  fligH  ol 
the  disease  just  related  are  present,  there  cannot  he  mudi  doabk  an  tki 
subject ;  but,  without  question,  positive  evidence  of  the  hfliit  biiB| 
fatty  ia  often  given  by  unskilled  medical  witnesses,  where  the  fifara  ww 
simply  anfemic,  or  in  some  of  the  other  semi-morbid  conf^ilion*  wkkk 
may  be  so  readiJ}'  mistaken  for  it. 

In  forming  an  opinion  in  any  particular  caM,  the  fnlIo«rifi^  my  h> 
nseful  as  a  guide  : — 

(1)  If  the  macroscopic  signs  of  the  disease  previoualy  dateribad  «s 
not  noticeable,  the  presumption  in  favour  of  the  heart  being  itfty  ■ 
weak.  If  there  has  l)een  fatty  degenoration  of  the  fibiv  mftcMBl  tn 
cause  death,  it  will  leave  some  trace  of  its  prcsenc«  pvreapCibU  I*  thi 
naked  eye. 

(2)  If  no  macroscopic  changes  iire  seen,  extreme  cato  oq^A  to  hi 
exercised  in  interpreting  those  which  may  be  found  micro«00|liGdly- 

(3)  A  pale  Habby  heart  is  not  necessarily  futty.  Fatty  ilogcDcnlka 
is  a  comparatively  rare  disease,  while  hearts  blandied  and  relaxed  froa 
antemia  arc  of  everyday  occurrence. 

(4)  Very  obese  individuals  do  not  usually  soffer  from  (kttjr  dtgiaif 
ation  of  the  fibre.  The  heart  in  them  may  bo  loaded  with  itk,  lat 
the  fibre  is  often  particidarly  healthy  and  well  nourished.  ObM^ 
is  a  sign  of  over-nutrition,  fatty  degeneration  of  the  he«rt  of  niwW 
nutrition.  In  very  aniemic  persons  with  fatty  degvoMatton  of  the 
heart,  however,  there  miiy  be  a  considerable  quantity  of  mrfac*  fak. 

(5)  Microscopically,  the  degeneration  may  be  oonfuumlcd  with  oths 
|iathological  suites  of  the  fibre.  These  are  chiefly  pigmentary  de- 
posit and  cloudy  swelling.  The  former  may  readily  \>r.  duxis 
gui.shed  (n)  by  the  pigment  being  granular,  not  globular;  {h)  bj  iM 
having  a  ru<ldish-yellow  colour ;  (r)  by  ite  being  depoeited  ia  ifawik- 
sliuped  masses,  through  the  fibre,  at  intcn'uls  corrmpoodtng  to  the 
position  of  the  nuclei ;  ((/)  by  \\&  becoming  of  a  dull  gray  not  of  a 
black  colour  with  pcrosmic  acid  solution ;  and  by  its  being  bfimi^ 
more  prominently  into  view  by  the  action  of  glacial  acetic  acid  er 
solution  of  potash. 

Cloudy  swelling  of  the  fibre  is  common  where  there  hat  beaa  a 
feverish  state  of  the  Ixxly,  and  in  acute  rheumatism.  It  ia  oflco,  •• 
before  mentioned,  a  precursor  of  the  fatty  change.  It  may,  however, 
lie  merely  of  tem|inrury  duration  iind  unasaociated  with  fatty  dieaaa^ 

It  can  lie  rciulily  delected  and  differentiated  (a)  by  its  being  a  liaa^ 
granular  precipitate,  not  a  globular  de|i08it ;  (I)  by  its  being  at  oooi 
clarifiml  by  glacial  acetic  acid  or  by  solution  of  |Mitasii. 

(0)  The  healthiest  heart  muHcK*  may  have  a  globule  or  two  of  00 
adhering  to  it  or  lying  in  its  neighbourhood. 

Mflfwd  of  praffiiurf  in  examining  the  jiiirt,—4fi)  Examine  earrfaDjT 
for  naked-eye  evidences  of  the  disease. 

(6)  Cut  out  a  thin  strip,  toase  with  needlea  in  antra]  adi 
or  water,  and  examine  with  both  high  and  low  power. 
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(c)  Treat  separate  jwrtions  of  it  with  glacial  acetic  acid,  and  with 
<»olutioii  of  potash.  Fatty  [larticles  ought  to  be  rendered  more  pro- 
minent by  the  clarification  of  the  surrounding  iilbuniin. 

(</)  Treat  fine  shreds  of  fibre  by  the  prolonged  application  of  alcohol 
followed  by  sulphuric  ether,  and  notice,  on  teasing  out  the  fibre,  whether 
the  globules  have  a  tondency  to  dissolve. 

(e)  Steep  pieces  of  the  fiTiro  for  a  night  in  h  per  cent  solution  of 
perosmic  acid,  and  notice  whether  the  globules  blacken. 

(/)  Never  rely  on  the  examination  of  anything  but  the  fresh  fil)re. 

lUmiture  m  Ftttlg  /7r/irt.— Begbie  (J.) :  Month.  J.  metl.  5fe.,  Mar.  1851.  Coats 
Diu  Single  LftFRB  H«"iiiorrhage) :  Glosg.  Mvil.  .1.,  x.  1878,  p.  283.  Curschmann  : 
nt.  Archiv.,  f.  klin.  Med.,  xiL  1874,  p.  193.  Fotherpill :  BL  Mel.  J.,  xxxii.  1886-7, 
p.  885.  Fraenkel  (Expcrliuentfll) :  Chnritt-.Ajiu.,  ii.  1877,  p.  309.  Cowers:  Kty- 
uolds'  Syst.  Med.,  iv.  18/7,  p.  760.  Qrohe  and  Mosler  (from  Arsenic):  Areli.  f. 
l^th.  Anat.,  ixxiv.  18S5,  p.  208.  Holmes  (T.)  (K.  H.  and  iidmiiilstnitjon  of  Cliloroform): 
Trans.  Path.  Soc.,  xv.  1864,  ]i.  (39.  JeuUien  :  l)e  ia  degonuresccnce  gmisseuse  dii  cii-ur 
«lttM  (*«  rapporU)  aveg  le  poqlo la  Bynconc et  l9»  tronbltjn  reapirntoires,  1876,  Kennedy: 
Obwrvntion*  on  Futty  Heart,  1880.  Kiscb  (Influence  on  Pulae):  Berl.  klin.  Wot-linxi'lir., 
xxi.  1884,  I).  132.  Klebs  [tmm  Pliosptionu) -.  Arch.  f.  path.  Anat.,  xxxiii.  18t!5,  p. 
442.  Krylow:  Arch.  f.  path.  Anat.,  xliv.  18tSS,  p.  477.  Lcwin  (rrora  Pho»)ihonis) : 
Arch.  f.  i«th.  .\nat.,  ixi.  1861,  \>.  006.  Leyden  :  \Wt\.  kliu.  Wooliiischr.,  xv.  187S,  pp. 
•221,  237  ;  C1iarit(--Ann.,  iv.  1879,  p.  206  ;  Zeitschr.  f.  klin.  Mud.,  v.  1882,  p.  1. 
OrmcTod :  LouJ.  Mo<I.  Gaz.,  i.\.  ji.  739.  Piotrowslci :  Dcgenimt  gmiiufnae  dn  cuenr. 
Thi»o  dfc  Pari»,  1865.  Ponfick :  Berl.  klin.  Wmhusohr.,  x.  1873,  pp.  3,  13.  Quain  : 
On  Fatty  Diseases  of  thu  Heart,  1851  ;  Lon.  M«l.  Gaz.,  Mar.  1850  ;  Med.  chir.  Trans., 
xxxiii.  1859,  ]>.  121.  Saikowsky  (from  Arsenic,  Antimony,  and  Phosphorus) :  Arch. 
f.  path.  Aiint.,  xxxiv.  1875,  p.  73.  SeofUeb«n  (from  Phosphorus)  :  Areli.  f.  path. 
Anat.,  xxxri.  lS6fi,  p.  520.  Virchow  (Acute  in  Perioardilis) :  Anh.  f.  path.  Anat.,  xiit 
1858,  p.  266;  (in  Chlorosis)  Ueh.  d.  Chlorose,  ttc,  1872,  p-  17.  Wagner:  Die 
FuttnietaniorphosB  d.  Hi^rzlleisches,  1864.  Weber:  Arch.  f.  path.  Anat,  xii  1857,  p. 
826.     West  (Acnte) :  Tnins.  Path.  Soc,  xxxiii.  1881-2,  p.  74. 

UCPTURE    OF   THE    HeART. 

507.  The  possibility  of  the  healthy  heart  rupturing  in  Man  from 
overstrain  may  be  doubted.  It  is  said  to  occur  in  animals  hunted 
to  death.  When  it  does  rupture  in  Man,  the  fibre  will  usually  bo 
found  to  be  suffering  either  from  fatty  degeneration  or  from  abscess. 

The  blood  may  escape  in  a  sudden  gush,  as  where  the  part  has  been 
aneurismal  previous  to  its  giving  way,  or  it  may  cnuLinue  to  leak  from 
a  small  fissure  into  the  pericardial  sac  for  some  hours  before  death. 
Blootl  may  be  effused  under  the  epicardium  and  find  its  way  over  a 
large  surface  of  the  heart  previous  to  the  actual  rupture  taking  place. 

AVhen  a  gush  of  blood  suddenly  distends  the  pericardial  sac,  the 
heart  seems  to  cease  l)eating  almost  at  once.  The  individual  becomes 
extremely  livid  in  the  face  and  neck,  ;ind  expires  instantaneously. 

LilrnUiirr  on  Rupture  o/ /^<■«r^— Baldwin  :  Hrit  Med.  J.,  1884,  i.  p.  12.  Mac- 
kenzie :  Mrit.  Mod.  J.,  1884,  i.  ]>.  30U.  Mickle :  Ed.  Med.  J.,  xjdx.  1883-4,  p.  710. 
Wyckoff :  Liutrido  M.  and  S.  Journ.,  xxiii.  1883-4,  p.  297. 


PlOMENTART  INVOLUTION. 
o08.  In  nearly  all  individuals  above  middle  life,  the  heart   fibre 
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shows   a  little  pigment&ry  dogeueration.      The  pisTn^-nt   m  j;n»rW 

hsematoidin  of   a   re<; 
and  is  collected  in  *-ii  ^^     ,  — ,    • 

heaps  arotind  the  muscle  nncleL     It  liuet 
not  appoar  to  emharrass  ih<»  ft-- '•••  ~ 
the  organ,  and   is  without    n 
UIK)n  the  Blriation  of  i' 
In  old  people,  hou .  ■ 
tion  is  accotupuui<Ml   hy  m  nhtxaiangmi 
involution  of  the  fibre. 

The  heart,  ander  such  dwniwtfw^ 
is  below  weight;  it  is  hard  and  Unf^; 
the  vessels  on  its  sarfacv  are  fraqnol^ 
tortuous,  and  the  areolar  tinuo  imiMdi^ 
atel}-  surroiuiding  them  o'deniatvaf ;  vUs 
the  muscular  tibro  has  a  dark 
or  morone  colour.      The  ultimata 

are  of  narrow  diameter,  the  striie  remain  distinct,  and  the  nacki  are 

pigmented  as  above  descrilx-d. 

Literature  utt  Alrofthy  n/ ffeart  {Small  Heart). — Bulley  :  M«LTba«i  «D<I  On.,  I 

U.  |i.  2^i.    Church :  Transi.  Path.  Soc.,  lix.  1868,  p.  147.    Gowers :  Art  to  Rr; 
SytU  MoL,  iv,  1877,  \>.  687.     SalTi«ti  (Cyauotk):  Arcb.  f«r  ><*  •«•  o»<l-  IWkM^ 
1879,  No.  «.  ~ 


KlO.  IVl.  — PlaUKXTAIIf    IVVuLUTtnx. 
UlAIIT  PlIMI  (XiW  DiAlU.) 


Wax-Likk  Diskase. 

509.  This  is  a  commoner  lesion  than  is  genenlly  mppoMd. 
will  \>e  found  present  in  the  majority  of  instancea  of  geiMial  wax 
disease,   but,    on   account   of  its   not  causing  anj   ray  diatincliw 
naked-eye  abnormality,  it  is  frequently  passed  ovw  nndeteelad. 

The  only  appcAranco  to  indicate  its  presence  is  a  little  milky 
opacity  of  the  endocardium  of  one  or  more  of  the  chambers,  omaQy 
of  an  auricle,  and,  by  preference,  of  the  right. 

Virchow  (No.  13,  xi  IS'")?,  p.  188)  seems  to  have  first  obMcred 
the  disease,  but.,  since  then,  Eberth,  Heschl,  Ziuglrr,  the  atitbor,  aad 
others  h.ivp  descrilK'd  it  in  more  detail  (isw  Bibliography). 

Naked- Eye  Characters. — The  heart  is  uudemouri«b«i  aad 
somewhat  anemic,  but  does  not  show  any  indication  of  Iwing  waxy, 
over  and  above  the  opacity  of  the  endocardium  already  rcferrad  ta 
When  icxlino  solution  is  applie<l  to  the  endocardium,  niunb«ni  of 
isolat<<<l  brown  .siHita  or  jiatches  apfiear  ujwn  it. 

Microscopic. — Sections  stained  in  gentian  violet  show  that  the 
above  reiiclioti  is  due  to  isolated  deposits  of  the  wax-like  sub«tAOoc 
lying  in  the  membrane.  The  chief  seat  of  the  infiltration,  hower«r, 
is  the  myocardium,  between  whose  bundles  and  individual  tilmt  largi 
and  numerous  pink  stained  homogenootu  maaacs  can  be  det«etod.  Uj 
oomprcsaing  the  muscular  fibres,  they  caose  them  to  atrophj.  TW 
small  arteries,  as  in  other  waxy  organs,  arv  affected  at  an  eaiijr  period 
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of  the  disease.      The  epicardium  and  i)ericardium  do  not  seem  to 
suffer. 

Hyaline  Degeneration. — Boiuhut  (No.  325,  1872,  No.  cxvii.  p. 
932),  bibadie-Lagiave  (No.  320),  aud  Koseubach  (No.  13,  Ixx.  1877,  p. 
352),  describe  ii  jieculiar  hyaline  swellittg  of  tJie  musculur  Hbre  which 
occurs  in  the  heart  during  diplitheria.  It  is  similar  to  that  of  the 
body  muscles  in  tj'jjhoid.  Kosenhach  regards  it  as  a  form  of  inftaiii- 
mation.  The  hyaline  substance  resulting  from  the  degeneration  does 
not  give  the  waxy  reactions. 

Liltmtun  m  Waxy  JTaart.— Eberth :  Arch.  f.  jwth.  Aunt,  box.  1880,  p.  160. 
Hamilton  :  J.  Abut  and  Phys.,  xviii.  1883-4,  p.  64.  Heschl :  Wivu.  med.  Wocbnachr., 
xivi.  l87tJ,  p.  25;  Ibid.,  ixvii.  1877,  p.  625.  Virchow :  Arch.  f.  path.  An»t.,  xi. 
1857,  p.  188.  Ziegler:  Not  puhliHhed,  hut  mbiitioiivd  in  Moi^IUtOTV  transl.  of  hU 
LehrbDcb  d.  path.  Annt.,  p.  90. 

A  B 


Fio.  IDS — Chrosic  Mtcktaiuiitik  (xaOO  Dijlmb.) 

A,  Cma  section  oflhc  nbrea ;  (a)  tltms  in  rBrinaa  (tagcs  oratrophic  deittnictlou ;  (&)stirroaDdlng 
cicatrteUI  tiunu.  B,  Same  geen  on  horizontal  sectlDn  ;  (a)  lltirea  ;  (h)  ■urrounding  cicatricUl  tUme, 
(FlenManaine  and  Famnta.) 


Myocarditis. — (/ivs,  iivos,  a  nrnade). 

olO.  Definition. — An  inflammation  of  the  muscular  substance  of 
the  lieart 

General  Description. — The  (Jisea.se  runs  either  an  acute  or  a 
very  chronic  coursa 

In  the  acute  fonn,  the  inllannnation  usually  ends  in  abscess,  often 
followed  by  rupture  of  the  wall.  It  is  frequently  pyaemic  in  its 
nature^  or  is  an  accompaniment  of  diphtheria,  t3'])hoid,  anthra.x,  scarlet 
fever  (Goodhart),  etc.  The  abscesso-s,  when  pytemic,  are  sometimes 
multiple. 

In  the  chronic  form,  the  disease  may  last  for  years.  It  appears  to  be 
essentially  a  cirrhosis  and  results  in  the  su1»titution  of  coarse  fibrous 
tissue  for  the  muscular  substance  of  the  heart. 

The  wall  of  the  left  ventricle  is  its  usual  seat  It  is  almost 
unknown  on  the  right  side.     The  wall  may  be  over  an  inch  in  thick- 
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neea,  or  may  be  bo  attenuated  that  it  reaemblea  a  piece  of  thin  Utulwt 
The  difference  depends  on  the  great  or  amall  amount  of  fibrooA  tiaor 
which  may  be  deix)sited  \rithin  it 

At  other  times,  tliere  are  only  fibrous  cicatrix-Uko  ylcbci  ti 
new  tissue  scattered  ut  intervals  through  the  muscle,  and  alutajra  bat 
seen  towards  the  apex.  They  are  often  exclusively  locaUaad  to  tkii 
neighbourliood. 

The  cirrhosed  wall  is  hard  and  tough,  and  when  of  inrrB>—d  Ihkk- 
neas,  is,  in  great  part,  comi»osed  of  dense  gray  coloured  fibroiM  tkam 
with  patches  of  muscle  fibre  inteni^rsed  at  inter^'als  tbroo^oot  IL 

The  disease  is  almost  always  associatod  nitb  chronic  eodocMifilii 
or  pericarditis,  or,  just  as  often,  with  both  combined. 

Huber,  however  (No.  13,  Ixxxix.  1882,  p.  256X  disboUcTW  ia  the 
direct  connection  of  the  disease  with  endo-  or  (Ksricarditis,  Aad  taev 
its  causation  rather  to  an  arterio  •  sclerosis  of  the  braneltM  «f  Um 
coronary  arteries. 

Microscopic  Appearances. — The  cicatricial  tiasu«  is  oaiuIl]r««7 
old  and  dense,  with  comparatively  few  young  cells  mixed  op  witk  b. 
It  closely  envelops  the  bundles  of  muscular  fibres,  seeing  UM  it 
springs  from  a  thickening  of  their  perimysium.  It  grHdaally  ooQtnda. 
and  causes  them  to  shriidc,  to  become  granular,  and,  finally,  to  imdMfa 
complete  atrophy,  so  that  in  certain  strands  of  heart  wall  not  *  ata^ 
muscular  fibre  may  be  left.  T/igy  do  not  become  fatty  m  »  wwih  «f 
the  compression.  Their  nuclei  may  occasionally  be 
proliferating. 
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LiUrraturi  tm  Mfoeantitis. — Arnold  ;  Die  MyocArdiUa,  ISM. 
Myoc&rilitt*  Hbrou,  1883.  Collat :  Lyon  iu«4.,  xxxii.  1879,  p.  SS31 
N.  York  Med.  Jonru.,  sxxi.  1880,  i>.  184.  Dickinson  (Ryfilinitir)  i  Tmoo. 
8oc.,  riii.  1801-93,  p.  60.  Ferguson:  Mf.l.  H.>-.,  N.  Y.,  ixr.  1884,  |l 
Fnller:  Tnuw.  P»th.  Soc.,  xii.  1867-68,  ]>.  lOS.  Gairdner  ^W.  T.) :  " 
H.  J.  Med.  iJc.,  xii.  ISSt,  i>.  79.  Goodhart  iSucpnntlvr):  Tiuu.  PklV.tiac  ixxL 
1879-80,  p.  70.  Greenfield :  Triku>..  Path.  8oc,  zm.  1871-76,  ^  M.  |fil»e 
FofiTge:  Tnvnii.  Fitli.  Sa.<.,  mv.  jji's  74.  )•.  04.  Huber:  An-K  t,  faXb.  Aaii., 
li>ux.  1^S'2,  i>.  230.  Juhel.Rteoy:  6tude  *iir  U  ••■IrnnM  iln  mj-oeardi^  ak, 
1082.      Kirchner:   Beltni^  <ur  L«lir«   v.    il.    M  '        tibriMa,   1884.      KmI: 

U«ber  Myoawdiii>,  etc.,  1890;  a/«>.  Ztwhr.  f.  II'  i  p.  2U.      Ncaana: 

Cbsrit4  Aon.,  riii.   1883,  p.   244.     NotU :  Unloi ..t  .  xntil.  lg.«4,  pi*.  M, 

Ml.  Peabody:  Med.  llec  .N  Y  .  xxii.  188-2.  p.  VJ».  PycSmitb :  Ttum  Ptfk 
Soc..  xxvili  18<7.  p.  334.  Ribbert  (K\i>eriiiiriitAl) :  Kortitclir.  <1.  Mca.  It.  IBM,  i^  1 
Roscnbach  ( DiplitbcHUc) :  Atch.  I.  |Atb.  Aimt,  Ixx.  1877,  p.  3^2.  Saadien  (W. 
R.):  Vj\.  Me<l.  Jonni.,  xiv.  1869,  p.  673.  StCTeoel :  Contiilmlinu  i  fiUulB  i»)t 
ni)'0('arilit«  intvntitirlle,  etc,  1882.  Tenfleson :  L'uion  iniiil.,  xirr.  I8SI, 
Turner:  Trans,  liitemat.  Meil.  Cong  Uond.,  1881,  1.  p.  427.  VhdlOW: 
Ann.,  iv.  1879,  p  793;  li>U,  r.  1880.  p  728.  West:  Usott,  I8M,  L  fi  IM 
Pfeiffer  :  Die  acute  EnUtludang  d.  HenmukeU,  1887. 


Ankurism  of  Hkaitt. 

511.  This  is  not  a  very  common  disease.     Wickham  Legg  (1 
185,  1883,  ii.  p.  199)  records  three  cases  out  of  one  thoutuuid 
hundred    and     ninety    post-mortem    examinations    made    by    hip 
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Heschl  (qnoted  by  Legg)  places  the  proportion  at  one  to  two  hundred, 
and  Willigk  (quoted  by  Legg),  at  one  to  one  hundred  and  soventy- 
aeven.  It  is,  however,  queationnble  whether  the  disease,  in  all  the 
cases  recorded  by  Heschl  and  Wiiligk,  was  true  aneurism. 

The  left  ventricle  is  almost  invariably  the  side  affected ;  and  a 
large  proportion  of  the  cases  have  their  seat  at  the  apex.  Legg  (ioc. 
cii.)  found  from  his  statistics  that  in  fifty -nine  of  his  cases  it  was  at 
the  A\}Qx,  thirty-one  at  other  parts  of  the  ventricle. 

The  aneurism  has  occastonally  Ixen  found  in  the  septum  ventri- 
CUlorum  (see  Zahn,  No.  13,  Ixxii.  1878,  p.  206).  The  jmrs 
uumbianacm  is  that  which  suffers.  The  sac  forms  a  more  or  leas 
evident  depression,  and  bulges  from  the  left  into  the  right  cavity. 

The  ventricle  may  sometimes  be  so  attenuated  and  dilated,  that  it 
becomes  almost  aneurismal  tliroughout.  Ferguson  (No.  199.  xxiv. 
1883,  p.  75)  relates  a  ca.se  of  this  kind.  The  muscular  fibre  of  the 
left  ventricle  had  entirely  disappeariHl  in  some  localities,  its  place  being 
taken  by  fibrous  tissue. 

The  pouch  varies  in  size  from  that  of  a  filbert  up  to  a  large  cocoa-nut 
(Southey,  No.  192,  xxvi.  1 875,  p.  43).  It  usually  hai  a  lining  membrane 
composed  of  the  stretched  endocardium,  and  the  contents  are  often  old 
laminated  clot  with  a  more  recent  coagidum.  There  is,  sometimes,  a 
narrow  neck  Iea<ling  from  the  cavity  of  the  ventricle  into  that  of  the 
sac,  at  other  times  the  orifice  is  very  large. 

Brutowe  (No.  192,  v.  1853,  |).  93}  doscribea  an  example  of  the  disease  where 
the  opening  was  oval  in  shape  and  half  na  uiJe  again  as  the  orifice  of  the  mitra!. 

Dowse  (No.  192,  xxvi.  1S7&,  p.  28)  rclntos  a  case  where  a  cardiac  aneurism, 
Ioc«t«<I  ot  the  base,  had  opeuod  inUi  thy  pulmonary  artery  ;  and  Hayden  (No.  288, 
p.  761),  one  in  which  an  anearisin  of  fh<>  root  of  the  aorta  had  formed  a  couunuuica- 
tion  with  the  conus  arteriosus  of  thi-  right  ventricle. 

Terminations. — The  sjvc,  sooner  or  later,  ruptures  into  the  peri- 
cardium, caur^ing  fatal  haemorrhage.  In  other  cases,  the  person  dies 
from  the  mechanical  interference  caused  by  the  sac  to  the  niovementa 
of  the  organ  ;  while  tlie  disease  may  terminate  in  yet  a  third  issue, 
ijMunely,  the  spontitneous  calcification  and  partial  obliteration  of  the 
iiic  (Wilks,  No.  19-2,  viii.  18.')G-57,  p.  103;  Townsend,  No.  192,  xxiii. 
1871-72,  p.  96). 

Causes. — Local  destruction  of  the  muscular  fibre  from  any  cause 
may  lead  to  aneurism,  and  the  left  ventricle,  which  is  moat  oft<?n 
diseased  and  in  which  the  blood  pressure  is  highest,  naUirally  becomes 
the  UBual  seat  of  the  protrusion.  Loc;il  softening  of  the  muscular 
fibre,  causeil  by  disea.se  of  a  branch  of  the  coronary  aitc-ry,  is  a  common 
cause  of  acut<j  aneuri.sm.  So,  also,  is  suppurative  myocarditis,  when 
circumscribed.  Chronic  fibrous  myocarditis  predisposes  to  it  only 
when  the  heart  wall  is  thin,  not  when  it  reaches  a  great  thickness. 

LiUniturt  OH  Anatrium  of  Heart. — Amott :  Trans.  I'lUh.  Soc.,  lix.  l.?(J7-68,  p.  148. 
Barlow:  Tran*.  Path.  Soc.,  xxvi.  1875,  p.  65.  Bell:  Lancet,  1878,  i  l>.  723. 
Bristowe  (Obstruction  of  Aorta  tlirough  A.):  Lancet,  18S1,  L  p.  131;  also  (A.  oft. 
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Vent),  Tnuw.  P&th.  Soi.,  v.  ISJiS,  p.  93.  Canton  (A(>«x  of  Vdit ) :  Tnaa.  Mk.  te, 
xii.  1661,  p.  69.  Dowse  (Bow  of  p.  Art.):  Truu.  Pttb.  Soib.  xzri  1971.  ^  H 
Ferg^uson  (with  Fib.  ludurntion) :  N.  Y.  Mdl.  iCw.,  xxit.  18S9,  pL  7S>-  Hu^hu: 
I'liiln.  Med.  Times,  xiv.  1883-4,  p.  439.  Ingals :  MkL  Uee,  K.  ¥..  xx.  Iftit.  ft  111 
Jacquet:  Pr(«ri«  mM.,  xii.  1884,  ]>.  172.  Leg;:  M«t.  TUmb  m4  Cm.,  IMI,*. 
p.  199  ;  (i/w,  Home  account  of  CnnliAc  Aiivxrismi,  I8.S4.  MorcMMS  :  TVlH.  fMk 
Soc.,  xxiii.  1871-72,  p.  .14.  Peabody  {K.  with  Fitirul<l  Degmantkn)  t  UwL  Mm.,  t. 
Y.,  lii.  1881,  p.  468  :  Ibid.,  xxi.  ISS2,  p.  U:,2,  Peluet:  Dm  iiifiijw  4a  mm^ 
1867.  Qtiain  :  Tnuu.  Path.  Soc..  iii.  1850,  p.  80.  SdMttnck:  Bo«n  M.  flrf  A 
.louni.,  ne,  1<*7 1,  p.  405.  Scbmtdt :  N-  Orl.  M.  an.l  S.  Joarn..  xL  \9tiA,  ^  St 
Sharkey :  Tnuu.  Path.  Soc,  xixtj.  1834,  ]i.  1:)3.  Sinon :  Bcri  kUa.  Wackaidc, 
Ix.  1872,  p.  537.  Southey :  Trann.  Path.  Sor,,  xxvi.  1875,  )>.  43.  Stnui(«  :  Lani, 
1861,  U.  ^  445.  Thuraam:  Mtxl.  Chir.  Trana.,  xxi.  1838.  Townscatf:  ni» 
Path.  8oe.,  xxui.  1871-72,  p.  96.  WOlcs:  Traut  Palli.  Soc..  Tttt.  MitH,  f.  IMi 
Brit.  Med.  J.,  1882,  t  p.  39.     Zahn :  Arch.  f.  path.  Anat.,  Ixxii.  Wit.  p.  301 


Syphilitic  Disea.sr  of  thk  Heart. 

512.  The  fibrous  form  of  myocarditu  appears  to  be  •omatimai 
syphilitic  nature.     Ca.ses  have  been  recorded  by  Diddnioa  (No. 
xiii.  1861-62,  p.  60),  Greenfield  (No,  192,  xxvi.  1874-75,  pi  M), 
many  others,'  where  the  history  pointed  to  h  syphilitic  origin. 
Bibliography. ) 

Kantzow  (Xn.  13,  xxxt.  1S66,  \>.  211)  inut  with  l)i»  hmrt  <if  an  iuCant  in  ' 
there  was  a  tumoar  |irojccting  into  tli(<  right  ventrii-io.  On  the  tumour 
Fxamincd  by  Virchow,  it  proved  to  b«  a  myoma  containing  •yphOitie  mObtJ 
{(nmmata.  Virchow  regarded  the  tumour  M  Iwing  a  nituionlar  hyp*r|ilMia  4at  to 
syphilitic  interstitial  myocardttia. 


LiUmUvm!  on  Syphilitic  IHaeate  nf  Henri  (»«  alto  Myocarditia). — t«>"4i^*« 
r.  klin.  Med.,  1879,  i.  p.  378.  Gnieffner :  Dent.  Aj«b.  t.  kiln.  Med.,  xx.  1177.  p. 
611.  Haldane:  E<lin.  Med.  J.,  viLi.  1862,  p.  435.  HendetMo:  Tnwa.  PuK  I«k, 
xxxir.  1882-83,  p.  58.  Janeway:  M»l.  Itec.,  N  Y.,  \ii.  1872,  p.  804.  KaatOTW: 
Arch.  f.  f>ath.  Anat.,  xxxv.  1866,  p.  211.  Leggr:  St  BarUi.  Ho*i>.  Rrf,  vtii  197S. 
p.  183.  Leyden:  Dent.  med.  Wochn»chr.,  ix.  18S3,  p.  419.  Mannino  i s<,  g  t.i;  ri.- 
Myocarditis):  Gior.  ItaL  d,  maL  veo.,  MUano,  xiii.  1*81,  p  321.  Pasteur:  li.--. 
Mad.  J.,  1887,  L  p.  14.  Pmper:  Phila  M  Tinirs  >-1i.  1876.  p.  137.  RoU«t :  Itai 
■acyd.  d.  ac  m^L,  xviiL  1876,  p.  693.  Virchow:  All«.  Wten.  mod.  %t«  .  It  laMc 
pp.  64,  67. 


Calcification  of  toe  Heaut. 


Uh^ 


613.  LocaI  deposits  of  calcic  mftttcr   are  not  tincoiDTnon 
there    has    been    a   patch   of    fibrous    thickening,   ospocially   if 
adjacent  to  nn  endocardium  iiltcrcd  by  chronic  endocarditis.      It 
times  hap|K!tis  Llmt  the  calcitication   is  more   extensive.     The  wbob 
auricle,  for  instance,  may  bo  tran.*formed  into  a  calcic  shell — a  cuo. 
tion  which,  so  far  as  one  can  judge,  may  for  long  be  compatible 
the  organ  discbarging  its  functions. 

The  calcified  ]>art  often  becomes  fatty  previous  to  its  t 
vrith  the  earthy  salts. 

>  Osaea  have  oven  bem  deacrlbed  (ilondcrMa,  No.  IM,  xxtiT.  16St->X  p.  U)  !• 
wUeh  a  gnama  bai  bem  fdoad  ambaddad  to  Um  adiroas  avwiy  fannel  (~ 
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Tumours. 

514.  The  heart  is  one  of  the  organs  which  is  least  commonly  the 
seat  of  the  neoplasmata.  Those  which  are  found  in  it  are  chiefly 
tubercle,  cancer,  myoma,  secondary  cancer,  and  hydatids. 
The  myomata  are,  as  ^  rule,  congenital  (see  JBibliography).  Sar- 
comata, which  implicate  the  heart,  generally  arise  in  the  mediastina 
or  lung,  and  grow  into  it  along  the  large  vessels.  The  heart,  how- 
ever, very  often  escapes,  even  when  the  pericardium  is  thoroughly 
infiltrated. 

Literalure  on.  Tunwurs  of  Heart. — AibcTS  (Lipoma) :  Arch.  f.  patb.  Anat.,  x.  1856, 
p.  215.  Banti  (Lipoma) :  Sperimentale,  Firenze,  Iviii.  1886,  p.  237.  Da  Costa 
(Tubercle) :  Proc  Path.  Soc.  Phila.,  ii.  1860,  p.  34.  Geraet  (Lipoma) :  Arch.  f.  path. 
Anat,  xli.  1867,  p.  534.  Gilman  (Tubercle) :  N.  Y.  Med.  Gaz.,  ii.  1842,  p.  385. 
Goodhart  (Hydatid) :  Trans.  Patb.  Soc.  Lond.,  xxvii.  1876,  p.  72.  Handford  (Fatty) : 
Lancet,  1887,  l  p.  173.  Hirschsprung^  (Tubercle) :  Jabrb.  f.  kiuderheilk.,  xviii.  1882, 
p.  283.  Josso  (Myoma  ?) :  Gaz.  m^d.  de  Nnntes,  ii.  1883-4,  p.  124.  Kantzow 
(Syphilitic  Myoma) :  Arch.  1.  path.  Auat.,  xxxv.  1866,  p.  211.  Kelly  (Hydatid) :  TrauN. 
path.  Soc.,  XX.  1868-69,  p.  145.  Kolisko  (Cbngeuital  Myoma) :  Med.  Jahrb.  Wiru.,  ii. 
1887,  p.  135.  Martinotti:  Gazz.  d.  clin.  Torino,  xxiiL  1886,  p.  65.  Maschka: 
Prag.  med.  Wochnacbr.,  t.  1880,  p.  495.  Moxon  (Hydatid) :  Trans.  Patli.  Soc,  xxi. 
1870,  p.  99.  Payne  (Cancerous  Endocardium) :  Trans.  Path.  Soc.,  xxii.  ■1870-71,  p. 
125.  Peacock  (Hydatid) :  Trans.  Path.  Soc.  Lond.,  xxiv.  1873,  p.  37.  Pietroni 
(Lipoma) :  Boll.  d.  sez.  d.  cult.  d.  sc.  med.  n.  s.  Accad.  d.  fisiocrit  di  Siena,  v.  1887,  p. 
101.  Puth  :  Ein  Fall  t.  tuberkuUiseu  Herztumor,  1882.  Schttffler :  Ueb.  die  Tuber- 
culose  d.  Hei-zfleiiichea,  1 873.  Virchow  (Cavernous  Myoma) :  Arch.  f.  jiath.  Anat,  xxx. 
1864,  \>.  468  ;  oUo,  Sitzungab.  d.  phys.  med.  Gesellsch.  zu  Wttrzburg,  1882,  22.  v. 
Reckunghausen  (Tubercle) :  Arch.  f.  path.  Anat,  xvi.  1859,  p.  172.  Wagner 
(Tubercle) :  Arch.  d.  Heilk,  1861,  iL  p.  574.  Waldvog:el :  Ein  Fibrom  des  Herzeus 
Uiittingen,  1885. 

Malformations. 
{See  Mal/armations  generally.) 
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THE  HEART— (ClonhiMMrf) 
DtSE.\8KS   OK   EnDOCARDII^I 


KOllMAL  STRUCTVItK 

515.  TiiK  end<.tc:mliuni  is  con)]H>ae(l  of  a  tliiii  elu«tic  layer  J 
on  which  liet^  a  single  film  of  polygonal  endothelial  cdls.  Oollil^ 
this  ia  a  second  layer,  made  up  of  nucleated  whit«  fibroiu  turnt^vhak 
is  united  to  the  myocardium  by  means  of  1<^k38c  areolar  bowilM  ■! 
yellow  ela.4tic  fibres.  In  the  uiiricles,  the  claxtic  tibrM  an  mani^ 
vcloi>ed  than  clscwhert'.  Tliu  /mij-j  meniJrrunacea  ttfti  U  aid  to  aaCM 
smooth  nmscidnr  fibres  (Krause). 

The  cusps  of  the  valves  may  V>c  r(^arde<I  aa  redoplkatMoa  of  tfa 
endocnrrlium.  The  utrio-ventricular  cusps  contdiin  atriatod  fn"tr"*M 
fibre,  which  in  the  a<lult  pierce-s  into  them  for  oue-thinl  of  tkir 
radial  distaaco,  aiid  which  is  connocr«d  with  the  uiucte  o(  Ik* 
auricles.  In  the  fwtus,  the  valvuisr  muscle  is  much  mate  faQf  dr 
veloi>ed  (Langer).  The  senii-lunjir  cus|)s  do  not  appear  to  poMnsao} 
muscle ;  but  both  tlicy  nnd  the  atriu-ventricular  eocloM  mack  alMtk 
tissue. 

The  greater  {lort  of  the  endocatdiom  ia  free  fnim  VCMCk 
Langer  (No.  1^,  Ixxxii.  Ab.  iii.,  II.  i.-v.  1880,  p.  20tt)  and  C'oeo  <Xo 
14,  xxviL  188G,  397)  agree,  that  in  the  perfectly  healthy  MJalt  ItMt 
of  Man  the  semi-lunar  cusps  are  destitute  of  blood-Tonela,  and  tkrt 
the  atrio-vontricular  cusps  on  both  sides  of  the  henrt,  pocMM  bbii- 
Tossels  merely  in  their  up]H!r  portions.  Lnnger  sa^s,  that  both  h  Ik* 
fccttts  and  in  tlie  adult,  they  accompany  the  muscular  fibnsi.  Tl» 
muscul.ir  fibres  in  the  adult  valve,  however,  become  nineh  ratncui 
and  tlif  veHseU  conscijiiently  ramify  through  a  much  leaa  extcat  of  tit, 
cuap  than  during  intra-uteriiie  existence  and  early  infanejr.  Th* 
part  of  the  endocardium  projier  which  contains  Mnnd  Triwli  ■ 
loose  areolar  tissue  miiting  it  to  the  muscle  ;  it  ia  otherviae  dinroii^ 
vcsaela. 
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An  important  point,  upon  which  ail  workers  on  the  subject  of  the 
vessels  of  the  endocardium  are  at  one,  is  that  the  edges  of  the  cusps, 
which  are  the  commonest  seats  of  acute  endocanlitis,  are  absolutely 
free  from  vascular  supply  {Luschka,  Langer,  Martin,  Kocster). 

The  endocardium  is  sujiplied  with  abundance  of  lymphatics,  which 
pierce  into  the  valves. 

Between  the  heart  muscle  and  endocardium  is  a  plexus  of  nerve 
fibres,  derived  from  the  coronary  i)lexuses,  and  free  from  nerve  cells 
(Krause).     Small  twigs  run  from  it  into  the  adjacent  endocardiiuu. 


Endocarditis  {ivSov,  within,  and  KdpSia,  the  heart.) 


L 

^^^^^^fe    Definition. — An   injlammaiion    of  the   endocardium,   usually 
f^^^KKKKting  acutely  or  suhinUehj,  arul  liable  to  terminate  rapidly  in  a  fatal 
i$gnt,  or  to  occasion  pennanenl  injurj/  to  the  valres. 


CLASSIFICATION. 

Attempts  have  been  nmde  to  classify  the  disease  from  an  anatomical,' 
organismal,  or  other  bjisis.  Such  classifications  are,  however,  all  more 
or  less  artificial  and  unsatisfactory.  The  disease  in  most  ciisea  is  to 
be  regarded  more  or  less  as  a  complication  of  some  general  atfcction, 
such  as  rheumatism,  gout,  or  septic  fever,  and  it  therefore  seems 
perhaps  more  advisable  to  describe  each  variety  acconiiiigly,  reserving 
the  term  idiojutihir  for  cases  which  cannot  be  traced  to  any  such 
initiatory  dist-aso. 


Rheumatic  Endocarditis. 

ST  A  TISTIi  'A  L. 

517.  Of  all  causes  of  endocarditis,  acute  rheumatism  stands  out 
pre-eminent  from  its  fref|nenc)'.  According  to  Hayden  (No.  288,  p. 
304),  the  statistics  of  English  physicians,  such  as  Fuller,  Sibson,  Budd, 
Latham,  eta,  agree  pretty  closL-ly  in  indicating,  that  in  about  every 
two  out  of  three  cases,  endocarelitis  forms  a  complication  of  acute 
rheumatism. 

Rosenstein  (No.  20G,  vi.  p.  85}  <|notes  Bamberger  as  assuming  a  per- 
centage of  20,  Lebert  of  17  1,  Wunderlich  of  15"7,  and  Roth  of  12G. 
It  may  be  combined  with  jifric/inliiLs,  or  sometimes  even  with  myocar- 
ditis. Out  of  thirty-four  cases  recorded  by  Sibson  (No.  G,  1870,  ii. 
p.  IGl)  in  which  there  was  cardiac  complication,  four- fifths  were  tif 
the  nature  of  endocarditis,  onu-tenth  pericarditis,  and  one-tenth  peri- 
and  endocaixiitis.  The  largo  majority  of  cases  occur  in  individuals 
under  thirty  yearn  of  ayr^  and  this  also  holds  good  for  rheumatic  peri- 
carditis.    As  a  rule,  there  is  not  much  difference  as  regards  sex,  some 

'  Set  t«xt-lK)oks  of  Drib,  Birdi-Hii^krelii,  aud  Satuotii,  No.  295,  etc 
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statistics  showing  a  slight  preponderance  in  the  ftjuud*. 

times  been  hold,  that  the  occurrence  of  endocardial 

acute  rheumatism  is  related  to  the  amount  of  pyrtxia  and  mfHt^imif 

the  joints  a  view  that  is  regarded  by  Sanaom  as  ontenablc  (Na.  S93, 

p.  23). 

SITES. 

518.  The  left  side  of  the  heart  is  that  which  is  alnuMt  alwij* 
exclusively  affected  in  the  adult,  but  a  competent  reason  for  tfci*  kt 
as  yet  utterly  failed.  So  rare  is  an  endocarditis  oo  the  rigki  uAt,  tkH 
instances  of  it  are  often  regarded  as  pathological  cariodtiei. 

Fcetal  Endocarditis  is  more  comnidn  on  the  right  than  on  iW 
left  side,  hence  many  instances  of  right-sided  disr-aKe  in  the  adult  tit 
sup[iosed  to  date  back  to  intrauterine  existence. 

Bnmiwell  (No.  297,  1886,  p.  419)  con(i<lc>ni,  ttiAt  cDdornnlitu  ii  mat*  oaaaiMa 
the  rigbt  aide  of  the  heart  than  ia  generally  iinpiNM«>l,  and  ex]iUiiu  tW  sfaMaairf 
tiign«  of  it  after  deat)i,  by  the  iutlauimatiou  having  Irft  nu  tr«o*  of  iu  nfaMMb 

Malignant  endocarditia,  no  doubt,  is  rora|>aratiTel]r  comDon  on  tk*  ri^  Ht< 
when  the  diseoM  in  rau«od  by  a  pcriphenl  aotitvc  of  contAtaination,  bat  timtm  ■*  psn 
reaaona  for  doubting  whether  the  Ktatenirnl  ran  Ix  ii|>hi'Iii  wh«n  appUad  to  aa4aM- 
ditis  in  gvncnl.  It  L<«  aUo  >i\iestioiiabIe  wh>'thcr  an  attark  of  nuloomlMl  mm 
\<a!av»  off  without  leaving  some  pathologii-al  iraiduuni  in  tho  (hapr  oC  ta  alkniifa 
in  the  thicknoaa,  lustre,  etc.  of  the  membrane.  That  the  tulierow  gelatiaaM  Mifr 
iuga  of  the  valves  on  the  right  vide,  to  which  Breinwall  r«fvni  aa  indicatiag  s  tumrn 
endocvditia,  tre  in  any  wfty  connected  with  the  diM3«a«,  may  li«  tt^woatVtf  oiIMto 
qnostion.  Thry  are  to  bo  arcn  is  almrwit  any  heart,  and  in  moat  eaaa  an  tf 
remains  of  fcetal  structures  (Albiiii.ii  nodulea).  It  ia  poaaible,  ■■  Mozaa  atipa^ 
that  friolinn  m»y  raiioe  them  to  iHs-mno  eulargwl. 

i'arrot  (No,  4,  i,  1874,  p.  53ti)  drM-ribt-a  tuiall  ktrmat<nntUa  on  lh«  tAlpm  rf^ 
cuapa  in  infanta.  These,  he  states,  oi^niac  and  constitute  uodnlc*  litrr  l>  St 
H«  can  hardly  regard  them  aa  of  patholc^Sflal  atgDiSoanofk 

Lileralurt  om  lUaratt*  c/  Itiyht  SiJr. — Baiimd  :  Do*  It'-niotu  Don  '•—y'  iiWr'-  - 
droit  et  de  Iruni  efTvl*,  1883.  BischofT:  t)ir  Krkraiikuiivi'ii  an  iL  Mtta4«af  d  ; 
olartarie,  1873.    Bristowe<nvt4irliiiipi.t  or '  -      rhaPalMBar. 

Tna*.  Path.  Sw.,  X.  It<ri8»,  ]>.  1 1 4.    Broi  ^4a4«  <l»rti 

tricaapidc  reUtivr,  1878.     Burroughs  \< '  ...    -  ,  AU  Rn^vm   • 

SurK.  J.,  xrix.  1878,  p.  ISIO.     Chorea  ((.'Irrrrilmn  wi  IMaorvffUlaatioa  <■' 
Valva) :  Trans,  fatb.  Soc..  lix.  18S8,  p.  147.    Eichorst  (Acntc  Enilaear 
ary  Artery  Volvos) :  Chariti-Ann.,  iL  1877,  p.  240.     Fenwick  :  Tru».  i 
1881,  n  42;  ffnd.,  iiilii.  1881-'2.  p.  (14;  /ftirf..  xxxlv.  ISS'i-S,  |^   . 
1881,  L  p.  ess  :  /but.,  1882,  1.  p.  47.V     Marcheai:     tUmXo  •nr  Im  > 

tricuspide,  1877.     Robinson :  Bull.  N.  V.  Path.  iw„  1881,  i.  p.  108 

MORBID  ANATOMY  AS'D  HISTOTMOT. 

filO.  Appearances  during  the  Acute  Stag^. — h  aiait  l> 
borne  in  mind,  as  l>cfore  titate<l,  that  the  rndocnrdium  in  the  htMj 
•tatc  is  a  structure  almost  devoid  of  vesaels,  and  that  ita  iiifliiiiiiMll* 
ia  to  be  reckoneil  in  the  same  category  as  that  uf  the  coreoa,  of  cartil- 
a4go,  and  of  the  inner  coat  of  tb«  arteriea     Even  in  acate  riMlocardttiN 
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Hwrnorrhages  into  its  substance 


there  does  not  seem  to  be  any  new  formation  of  blood-vessels,  altboiigh, 
when  it  becomes  chronic,  they  may  become  abundant  enough  in  the 
Talves  and  elsewhere. 

Langpr  (No.  13,  cii.  1887,  p.  469)  sayn  llmt,  in  acute  endocarditis,  he  1ms  never 
been  Rble  to  recognise,  cvcu  in  the  mitral,  any  voiiscls  which  could  be  regarded  as 
newly  formed.  The  semilunar  valves  retain  their  natural  oon-vascnlar  condition  aa 
in  health. 

What  then  is  the  earliest  manifestation  of  the  disease  I  A  milky 
opacity  of  the  membrane  appears  to  be  the  first  sign  visible  to  the 
n»ked  eye.  It  is  caused  by  the  commencing  accumulation  of  inflam- 
matory products  in  its  lympli  spaces,  and  by  the  precipitation  of 
granular  albumin  {cloudy  swelling)  in  the  tissue  elements.  It  spreads 
out  diffusely,  and  ends  insuusibly  in  the  parts  of  the  endocardium 
which  are  not  inflamed.  It  is  aimlogous  to  the  milky  opacity  of  the 
cornea  accompanying  acute  keratitis. 
are  also  sometimes  seen. 

The  cloudiness  is  followed  by  a  thickening  of  the  membrane, 
through  the  incresised  accumulation  of  iiiflanimatory  niatorials  within  it. 

Microscopic  Examination. — The  number  of  small  round  cells 
in  the  part  is  vastly  augmt>tited.  They  apjK.'ai-  to  bo  in  great  measure 
derivetl  from  the  proiifenition  of  the  connective  tissue  corpuscles.  At 
the  focus  of  greatest  itiHummation,  thoy  are  aggregated  in  a  mass,  but 
elsewhere,  stretch  out  in  lines  or  spindle-shaped  spaces  into  the  sur- 
roundings. 

The  cell  infiltnition  is  chieHy  located  in  the  inner  dense  fibrous 
layer,  but  the  areolar  tissue  uniting  this  to  the  myocardium  also 
participates  ;  and,  indeed,  the  intfrmusculiir  sejita  for  some  distance 
into  the  substance  of  the  myocardium  are  similarly  all  more  or  less 
infiltrated.  The  bundles  of  white  fibrous  tissue  appear  to  become 
homogeneous  and  to  be  alworbed  itt  great  part  as  the  disease  ad- 
vances. 

The  cellular  effusion  accumulates  irrcgidarly  within  the  substance 
of  the  endocardium,  and  at  the  points  where  the  concentration  is 
greatest,  the  endociirdiuni  is  forced  outwards  in  little  microscopic 
papilliform  projections — a  step  preliminarj'  to  the  outgrowth  of  vege- 

_      tiltioHK. 

■  Over  tliese,  at  first,  the  delicate  layer  of  elastic  fibres  which  under- 
^Ui0B  the  endothelium  becomes  stretched.  The  endothelium  next 
^VdeiquaiDates,  and  very  soon  aftenvards,  the  elastic  layer  breaks  u]> 
W'  and  is  destroyed. 

■  A  sen'ea  of  minute  abraded  projections,  com(>osed  of  small  round 
cells,  now  covers  the  affectetl  part,  and  fibrin  begins  to  coagulate 
upon  these.  It  does  not  take  the  foi-m  of  a  network,  but  is  precipi- 
tated in  dense  wavy  or  tuljerose  masses  having  a  granular  structtire. 
Within  the  fibrinous  dcfiiosits,  masses  of  micrococcus  may  occasion- 

y  he  detected,  but  it  must  be  remembered  that  the  fibrin  itself  may 


Kid.  1M.— 4aeno»  av  Biuu.  TaaaTATia«  nmuiik-.  !->>.?  . 
Aoarir  Clip  (vM  IiiAitm.) 

(a)Mut»ta.no>tif  nup;  (k)  Um  UgUy  liuelc*t«d  •Uiii  Of  the  t'ltaeUCloa:  (c)tla  I 
daiiMlt  on  lU  atnmltr  (Puwoilc  tU  aod  ftenafeO. 

Several  minor  ])rotubenuic««,  of  a  similar  granulation-like  tRiSB^ 
next  begin  to  shoot  out  from  itn  frue  extremity,  so  that  hy  tht 
hii  bffccHne  n  naked-«ye  object,  n  hunch  uf  secondary  wgvtatiom 
he  fntind  iulli«<ring  to  the  «in>;le  oriptial  stalk. 

The  round  coll  clcmrnt^  composing  the  mam,  by  the  time  tfart 
'  vegetation  is  recognisablo  as  a  macroscopic  ohjoct^  hare  in  put 
I  organised.     They  have  thrown  out  a  fibrous  matrix,  so  that  nov  iW 
body  presents  th«?  iippcnm.ricc  of  a  somewhat  coarsely  fibrooi, 
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tumour.  The  stem  meanwliile  tends  to  lieconio  iittenuated  and  con- 
stricted, wliile  the  free  extremity  is  increasing  its  secondary  oftshoots 
(and  taking  on  a  fimbriated  character. 
By  the  time  that  the  vegetation  has  asaumed  a  fibrous  ap]>earance, 
the  disease  has  become  more  or  less  suluicute,  and  while  in  this  con- 
dition, numbers  of  blood-vessels  can  occasionally  be  seen  at  its  base 
and  mnning  for  some  distance  into  its  substance. 

Kocstcr  (No.  13,  1878,  i>.  275)  was  nblo  to  iiijc<ct  a  rich  notwork  of  blood-vcMels 

•'  iu  a  nodalar  thickeDiug  on  an  aortic  cu8p.  Langer  (Xo.  13,  1887,  p.  470)  liiu  fouud 
that  the  vcsscLt  in  chronic  endoeanlitis  coustitutt^,  iu  many  instaiices,  a  rich  plcxuts, 
botli  on  the  aortic  ami  on  thu  mitral  cusps,  those  of  the  ehordee  teu<linc«  aua«tonir>ji- 

I  ing  vrith  the  latter.  As  sliowii  bj-  his  iK-aiitifiil  injections  [loc.  eit.,  PI.  xiii.),  tlic 
vessels  are  abundant  on  the  ventral  aspect  of  the  aortic  cusjig,  and  on  tho  wliolc  of 
the  anricular  aspect  of  the  niitml.     Tho  tricuspid  may  similarly  become  vascularised, 

j  but  in  a  minor  degree.  The  edges  of  the  aortic  cusps,  the  corpora  Araiitii,  and, 
indeed,  any  ]«rt  in  wliich  niuch  tliiukeniitg  has  occurred,  contain  more  blood-voMels 

'  than  others. 

Martin  (No.  107,  1886,  i.  p.  296)  also  atates  that  vo3.<iels  may  derelop  in  the 
thickened  luenibraiifl. 

Subsequent  Changes. — The  thickened  endocardium  is  extremely 
liable  in  time  to  liecome  alheromalvHS.  Yellow  jiatches  show  them- 
selves upon  the  sclerous  tissue,  and  frequently  the  base  of  a  vegetation 
is  also  the  seat  of  the  degeneration.  The  narrow  attachment  of  the 
vegetation  is  thus  lia1>le  to  be  weakened,  with  the  result  that,  occasion- 
ally, it  is  whipped  off  by  the  circulating  blood  and  carried  away  in  the 
systemic  circulation.  The  stump  left  on  the  enducardium  afterwards 
contracts  and  heals,  leaving  a  more  or  less  puckered  cicatrix.  The 
thickened  endoairdium,  in  the  intermediate  parts,  also  cicatrises  and 
contracts,  thereby  bringing  about  the  deformities  of  the  valves  which 
are  so  much  to  bo  dreaded. 

The  atheromatous  ])utch  may  calcify,  giving  rise  to  a  stone-like 
nodule  or  scale.  It  sometimes  happens  that  the  base  of  the  aortic  or 
I  the  cusps  of  the  mitral  become  converted  into  a  complete  calcareous 
ring. 

If  a  calcic  scale  become  detached,,  or  if  the  atheromatous  i^itch 
8oft«n — which  it  has  a  decided  tendency  to  do — an  ulcer  is  left  at 
the  part.  Such  chronic  ukors  are  common  it>  cases  of  ju'otracted 
endocarditis.  The}'  must  not  l>e  mistaken  for  the  ulcers  of  i(cnle 
iiptk  endocardilis.  They  seem  to  rank  parallel  with  the  atheromatous 
ulcers  found,  often  co-existently,  in  the  aorta  or  in  the  other  large 
arteries. 

Wlien  the  ulcer  is  located  on  the  endocardium  between  the  aortic 
and  mitral,  it  may  destroy  one  layer  of  tho  membrane  and  then  under- 
mine the  surrounding  parts  for  some  distance.  If  it  be  situated 
ujwn  a  valve,  and  if  it  be  superficial,  it  is  liable  to  ciitise  valvular 
aneurism ;  and  if  the  destruction  pierce  deeper,  actiud  perforation  may 
I  follow. 
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Litmiturf  on  Anile  Jinrlaamlitiit.  —  B*ni:  Oii't  rocyrl,  iL  Be.  mttt  . 
p.  i»B.     Fraenkd ;  <>iitr«lb.  f  klin    Mr.l  .  vii    i"--.!.      r?      Hdte^. 
P«iiL  Mc<l./m.,  vii.  lii»6,  ]\  031.     Jaccoud:  >  :nM.  ct  fUr 

1870,   |>.  -235.      Klet»:  Arvh.    f.  cxfirr    i'ltth     u     i  .    lltTfl,  p    1ft 

(Blnixl-vcHwilii  of  Valve*  iu) :  Alvli.  f.  |«Ui.  Aiiat..  cu.  l^^<.  ]>.  4S& 

Iwtir)  Art:li.  gt'n.  (I.  mM.,  IK82.  1.  p.  H85.     LlUChka:  Arch,  t  |mUi.  AmI^ 

l>,  171.    Moxon:  Umet,  i8r;j,  ii  \>.  caa.    Ortb:  t«jjb1.i«ii  a  v  raMwl 

NatUTf.  ti,  Avrrtc,  Strit-.K,  Iviii.  18W,  p.  US;  »i:Mi,  Arch    f   i«th    AaaL ,  cO., 
S33.     Ribbcrt  (Ki|>»riiiiciiliil) :  ForUilir.  .1    Mnl.,  iv    IK-vl,  j.   1.     W(  '  " 
Mrtl.  C'liir.  Oiitralltl.,  xii.  18S6,  pp.  5<>,  02.    WyssokowitscA :  Arck  t  |iilk. 

ciU.  16S6,  p.  301. 

Endocarditis  from  Goft. 

520.  A  large  |>ro|>ortion  uf  individuals  who  sxiffrr  fron  i 
are  constitiilionully  gouty.  The  endocarditis,  however,  doM  DM 
Ufiually  api)eur  during  an  acut«  atUick.  Concretion  -  likft  nmmm  td 
urate  of  8od«  are  Bonietiinee  met  with  in  such  hearts,  and  it  wnaU 
almost  secra  a«  if  the  inflammation  of  the  endocardium  were  dindlj 
induced  by  its  deposition,  juxt  a&  in  the  coso  of  the  jointa  and 
tissnes, 

MaLIU nam  t > IMXA KDlTl.'i, 

521.  Definitioa. — .-/  disetue  ekuTucUristil  hy  an  aeutt 
eUhrr  of  llm  Uft  or  nght  fide  of  the  heart,  or  of  Uilh  ;  aetomfamiM  i 
of  a  tirplund  imhiTf  :  itruinfi  in  eoim«ti<m  tritk  a  taurte  of  ttflie  mfmtim': 
ami  usiuiilii  ninriinii  n  rapidly  fiital  eottrsf. 


HISTORICAL. 

Our  knowledge  of  the  disease  dates  back  to  the  year  whrn  Ki 
fnmous  jiajwr  (No.  34,  xxxv.  p.  281;  No.  19.  \x\x.  l^<^^3,  \t.  H5l 
"  On  some  of  the  jirincipal  effects  reanlting  from  the  detachinmt  d 
fibrinous  de{>oBits  from  the  interior  of  the  hcirt,  and  their  i&ixtart 
with  the  ciroilating  blcHx],"  made  its  ftp|K;amncc.  This  paper  b  fad 
forniH  the  Imsis  oF  the  whole  literaturo  of  etiibolism  and  pyvmia.  Ite 
author  showoil.  for  the  fii-st  time,  that  vegetations  may  be  deUcbeJ 
from  the  valvrs  uml  l>e  canied  into  ilistant  organs,  and  tbat  tliey  maj 
hrc:tk  down  and  cause  a  poisoning  of  the  Mo(«d  from  their  gnunkf 
dclritu.s  Injing  spr»'.'id  widccast. 

A  few  years  Liter,  the  disvo-se  wns  inr4uirr<l  into  by  Vifchow 
13,  ix.  1856,  p.  307  :  No.  129,  1862,  p.  458  r/«ij./  No. 
Lancereaux  (No.  204,  1862),  Charcot  and  Vulpian  (No.  -  ., 
and  others,  and  its  dose  relationship  to,  if  not  identity  with, 
was  estnblislied. 

As  the  subject  of  lUsftse  grrrns  began  to  develop,  the  di 
qui^tion  liecanie  singled  out  as  one  in  which  probably  iiuen>-oi)juu«B» 
played  an  important  part     Qu.intitioa  of  granular  matter,  in 
liad  pre\iou8ly  been  <1etvcted  by  Kokitansky,  Kirkea,  and  V 
lying  within  the  morbid  (wrts ;  but  the  nature  of  this  granular 
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remained  undefined  until  Winge  (No.  298,  ii.  No.  3G,  ii.  1870,  p.  95) 
discovered  the  leptothrix  folt-work  of  a  fungus  growing  in  the  thrombi 
attached  to  the  aortic  valve  of  a  man  who  hail  died  from  acute  endo- 
carditis excited  hy  an  ulcer  upon  the  foot.  This  could  not  have  be«n 
of  pfisi-nwrUm  growtli,  aa  it  is  stated  that  the  hotly  was  frozen  quite 
Btilf. 

Heiberg  (Ko.  13,  hi.  p.  4i>7)  next  described  the  case  of  a  pueri)eml 
woman  who  died  witli  syniptomB  of  puerperal  pyieniia,  and  in  whom 
he  found  ulcerative  endocarditis  with  the  same  leptothrix  chains  of 
organisms  in  the  thrombi  upon  the  mitral,  along  with  infarcts  and 
abscesses  of  the  .spleen  and  kidneys.  He  believed  that  these  were  not 
of  pn.H-inintfm  furmntion. 

Injustice,  however,  it  ought  to  be  stated  that  Yirchow  (IS'a  12&, 
1862,  p.  708)  had  i>reviotisly  obser\<.'d  twn  cxscs  in  which  micro 
organisms  were  present  on  the  inflamed  etuiocardiiim.  In  the  one, 
they  took  the  fonn  of  zooglcea  masses,  in  tlie  other,  that  of  vibrios  and 
fungus-like  stnictures.  It  is  probable,  however,  that  the  latter  had 
developed  after  deatli,  as  the  bod}-  had  commenced  to  putrefy. 

Subcutaneous  inoculations  made  from  \\'inge's  ca.se  on  rabbits  were 
without  effect  ;  and  those  made  from  Hciherg's  ca.se  resulted  onlj'  in 
the  fortnation  of  a  caseous  abscess.  Kocster  (No.  13,  Ixxii.  I87S, 
p.  268)  and  Klebs  (No.  104,  ix.  1878,  p.  5&)  showed,  that  the  granular 
matter  on  the  surface  of  the  atfecteil  parts  was  comjwsed  of  mkincoccvs, 
the  latter  concluding  that  the  organismal  invasion  constituted  the 
initial  stage  in  the  disea-sc. 

Since  then  the  di.sease  has  been  the  subject  of  wide  inquiry  by  a 
host  of  observers.     (See  Bibliography.) 


NOMENi'LATURE. 

522.  The  designation  here  adopted  .namely,  that  of  Malignant 
Endocarditis,  was  given  to  it  by  Virchow.  It  has  been  adopted  by 
Osiler  and  other.^,  and  seems  to  be  preferable  to  that  of  Ulcerative 
Endocarditis,  for  the  reason,  that  the  endocardium  need  not  neces- 
sarily be  ulcerated.  It  was  also  called  Diphtheritic  Endocarditis 
by  Virchow,  in  tlio  wide  acceptation  of  the  torm,  that  is  to  say,  in  the 
sense  of  its  belonging  to  the  iliplittieritic  chi.ss  of  iliscases.  It  must 
be  remembered,  however,  that  it  is  nut  a  common  accompaniment  of 
ordinary  diphtheria  of  tlio  fauces.  The  name  Arterial  Pyaemia  was 
givi-n  to  it  by  Wilks,  and,  in  France,  it  is  often  known  a.s  L'Endo- 
cardite  vegetante  ulcereuse. 


GENERAL  PHENOMENA  UF  THE  DISEASE. 

23.  There  is  often  an  open  putrefying  wound  in  some  peri- 
phoral   part,   or  the  subject  of   the   malady  may  be  a  wonmu  M-ith 
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parametritis  following  delivery  ;  while,  in  yet  other  «»■,  ^fr«a%, 
no  such  source  of  contamination  is  to  be  discovered. 

The  disease  may  also  be  complicated  with  pncumooift  (04*1 
meningitis  (Greenfield),  enteritis  (Bristowe),  etc.,  hence  il  k  pcK^ 
ticoJly  impossible  to  tabulate  any  line  of  symptonu  aa  iadintiM  of 
it,  seeing  that  they  dcjxind  in  great  part  upon  tJM  orpn*  alfcrtri. 
and  that  these  are  seldom  alike  in  ever}'  case. 

The  patient,  as  a  rule,  however,  begins  to  safl«r  froB  •famri^ys 
sweating,  high  temperature,  delirium,  etc. ;  or  the  symptonu  nay  hatt 
manifested  themselves  suddenly,  in  a  person  the  subject  of  old  onllK 
disease.  Death  takes  place,  in  most  cases,  before  long,  the  period  nuag- 
ing  from  a  few  days  up  to  six  months. 

MORBID  ANATOMY  AND  HISTOLOOV, 

The  body  tends  to  *prem.aturc  putrefaction.  The 
usually  contains  more  li<|uid  thiin  in  health,  or  there  msky  be  i 
pericarditis.  Both  sides  of  the  heart  may  be  affected,  bat  it 
often  met  with  on  one  side  only,  and  that  usoally  the  left  It  m, 
however,  the  form  of  endocarditis  which  roost  commonly  uttacks  titt 
right  side,  because  the  exciting  agent  is  fro<]tiontIy  traoeAhle  to  ths 
organisms  of  putrefaction  absorbed  from  a  disttnt  wound.  As  I^a- 
cereaux  (No.  107,  1873,1.  p.  673)  remarks,  the  ksiona  are  always 
more  circumscribed  in  malignant  endocarditis  than  in  endocarditis 
to  rheumatism. 

Within  the  right  chambers,  and  exten<ling  into  the  palmooaiy  i 
there  is  often  a  greenish  coloured  clot,  and  similar  clots  are 
mot  with  on  the  left  side.     Attached  to  the  edge  of  one  or 
the  valves  are  vegetations,   cviil«tttly  of  recent  origin.     They  dife 
from  those  met  with  in  ordinary  rheumatic  endocarditis,  in  betaj^iaan 
fleshy — like  pieces  of  a  siirconia  tumour.     Their  surface  tuoally  I 
a  gray  colour,  or  greenish  coloured  clots  may  Iw  attached  to  it. 

At  other  parts,  in  certain  cases,  the  endocardium  is 
abradc<l,  or  a  deep  ulcer  may  be  situatetl  ujwn  it.  In  many  ( 
however,  there  is  no  ulceration.  The  idcenttion  is  most  evident  ^ 
the  acute  disease  has  fastened  upon  an  old  sclerous  port  of  the  mem- 
bmne.  Under  such  circumstances,  a  valve  may  be  perforated  or  lent 
to  shrrdii,  so  that  little  is  left  of  its 

If  the  endocarditis  be  right-sided,  pyxmic  abscesses  may  bs 
(■X|>ect4>d  in  the  lungs ;  but,  if  left-side<l,  the  lungs  are  uxually  stnqdy 
(iHli-niutoutt,  the  liquid  having  a  greenish  colour  when  sqnaeiwl  Mi« 
and  Irtinj;  mixed  with  catarrhal  mucus  from  the  bronchi. 

Infarctions  are  common  in  the  8]ilecn,  kidneys,  and  liver ;  they 
sometimes  lii{ucfy  so  as  to  constitute  pya:mic  abAccsses.  Menin^tsi 
has  occasionally  l>een  noticed. 

Septic  thrombi  may  be  found  filling  some  of  the  l»rge  reins  or 
arteries.     Vegetations  are  not  common  in  tlie  arteries  but  if  a  tvfs 
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artery,  like  the  aorta,  be  abraded  from  the  presence  of  atheromatous 
degeneration,  vegetations  in  all  respects  alike  ^vith  those  in  the  heart 
may  sprout  out  from  the  lacerated  parts. 

MicToswpkally  ejcaminfd,  the  vegetations  in  the  heart  and  other  parta 
(see  Fig.  194)  will  be  found  to  be  distinct  outgrowths  of  the  tissue  to 
which  they  are  attached.     Their  surface  is  covered  with  fibrin,  within 
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Fin.  IM Sr.FTic  VcuKTiTios  oaowiNo  ruiu  am  Athekomatocs  Aorta  (xSO  Diaiik.) 

(•')  C-itU  of  torU ;  ('/)  itlieronuitous  <k-poait  In  saint ;  ('-)  nucleated  depoalt  in  vegrUUon  ina«; 
(if)  a  (pao«  in  centre  of  vegetatloa ;  («,  e)  auliatnnce  of  the  TcgcUtlon  witb  bRinorrhagm  in  It ;  (/  /) 
drjKKita  of  mtcniooeeaa  on  Ita  nirfkce  (GcDtian  vlolrt  ami  Rnm  rlaiiiinar). 


wjijch  lie  masses  of  micrococcus,  or  the  entire  surface  of  the  vegeta- 
tion may  be  coated  with  a  continuous  layer  of  the  same.  Within  the 
vegetation  mass,  small  cavities  are  sometimes  seen,  whoso  walls  fre- 
quently have  dc'pots  of  micrococcus  adhering  to  them  ;  and  isolated 
zooglota  heaps  of  micrococcus  may,  here  and  there,  be  encountered 
scattered  throughout  its  texture. 

Valves    AfTected. — Osier   (quoted   by   Sansom)  states,  that  his 
cords  show  the  mitral  valve  to  have  Ijeen  alone  affected  in  77  cases ; 
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aortic  valves  alone  in  53;  nortic  and  mitral  together  in  41  ;  keut> 
wail  in  33  ;  tricuspid  valve  in  19  ;  pulmonary  valvM  in  15. 

Identification  of  the  Disease. — Every  case  of  alceratioa  of  iIm 
endocardium  is  not  of  a  muli^iukni  type.  Of  late  there  has  boM  U» 
great  a  tendency  to  refer  other  forms  of  ulceration  to  th«  nli^Mal 
olfcction. 

The  presence  of  micro-organisms  in  the  affected  part*  haa  baa 
looked  upon  o-s  a  diagnostic  sign,  and  it  is  astonishing  to  find  hor 
often  tlie«e  have  been  descrihed  as  abundantly  preaeol  wiwrv  ■« 
evident  source  of  contamination  prevailed — so  much  so,  HuA  thsv 
is  just  the  suspicion  that  granular  maaaes  of  tibrin  may  oeeariooi^f 
have  been  mistaken  for  them.  On  careless  examination,  this  cooU 
easily  happen ;  the  fibrin  masses  are  sometimes  very  like  toof^tm 
accumulations  of  micrococcus. 

The  whole  features  of  the  ease  ought  to  be  taken  into  account 
before  pronouncing  it  to  bo  of  a  malignant  type. 


THE  OJtGANISMS  ASSOCIATED  IVITH  UUIKRATJOS  OP 
ENDOCARDIUM. 

fi'24.  It  is  qup8tion.4blc  whether  there  is  any  one  organi«n> 
ll  invariably  associated  with  the  disease.  Comil,  Osier,  and  Wj 
kowitsch  l^elieve  that  there  are  several,  each  inducing;  its  own  train 
of  symptoms.  Klcbs,  Knestvr,  Orth,  and  others,  made  out  that  th« 
organism  most  often  found  on  the  diseased  valves  was  a  raicroooecos, 
but  since  then,  it  has  Ik-en  discovered  that  a  bacillna  may  sometimti 
apparently  take  its  place.  By  improved  methods  of  fractional  caltira- 
tiun,  more  accurate  knowledge  has  been  obtained  of  Iat«  wgltfan 
these  different  organisms. 

In  septicxmic  and  pyzemic  conditions  of  the  body  tb«  iiiMr»- 
organisms  found  have  been  the  following  : — liosenbach's  ttap^ifhfmam 
pyogenes  jlarus,  stajihijUtniceits  p^Mfrnes  ulhiu,  and  strejdiKoceHt  pfvgtnm 
(No.  299),  along  with  Posset's  MajJtyUwtceui  trrtua  aUna,  and  haiaOmi 
jnfogtnts  fatiilus  (No.  11,  iii.  1885,  p.  33). 

Fraenkel  and  Saenger  (No.  13.  cviii.  1887,  p.  305)  rrrifit«l  the 
presence  of  the  following  organisms  in  thirteen  instalices  of  malignant 
endocarditis.     .Some  of  them  are  pathogenic  and  olhem  harmle 

(1)  Staphyl'jcoccus  pyogenes  Haviis  (Kosenbach)  7  ti 

(2)  Staphylococcus  pyogenes  albus  „  3 

(3)  Staphylococcus  cereus  albas  (Passat) 

(4)  A  non-pyogcnic  Staphylococcus  flavas  I 
(f))  Itaciilu-t  pyogenes  fa<lidus  (I'asset)     .  1 

(6)  A  non  motile,  non-pyogcnic  fo'tid  bacillus 

(7)  A  yellow  non-liquefying  coccus  1 

(8)  A  non-Iic|uefying  white  coccus  • 
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In  the  variety  of  endocarditis  asRociated  mth  pneumonia,  Netter 
(No.  4,  xviii.  1886,  p.  112)  found  the  pimuinocorrus  on  the  vegeta- 
tions. 

Comil  (No.  300,  1884,  No.  li.)  refers  to  the  iuhercalar  hurilbts 
having  lieen  discovered  in  the  endocarditis  accompanying  pulmonary 
phthisis ;  and  a  /wriV/iw  has  lately  been  isolated  by  Delatield  and 
Priiddoii  (No.  370,  p.  '2(1fi)  from  a  very  acute  case.  In  endocarditis 
complicating  punderit  iudammation  of  the  bite  ducts,  caused  by  gall 
Btones,  Netter  and  Martha  (No.  4,  xviii.  lSf<G,  p.  7)  have  also  found 
a  hacillm.  On  agar-agar,  "VVeichselbaum  (No.  188,  1885,  No.  xli.) 
cultivated  slrfpUtcoccux pyogenes,  from  tlie  urine,  and  sUiphylocoaus  aurem 
and  ulhm  and  strcptomccus  pijogents,  from  the  morbid  parts,  of  three 
pei'sons  dying  from  ulcerative  endocarditis, 

(For  detailed  description  of  these  organisms  see  vol.  ii.  "  Vegetable 
Parasites.") 

The  Onjanisnis  which  are  PiUhotjenk. — Many  of  the  foregoing  are 
undoubtedly  harmless,  and  are  mei"e  accidental  accompaniments  of  the 
discai^e. 

Experiments  have  of  late  been  made  with  the  view  of  determining 
which  of  them  are  of  jwithological  significance.  From  most  of  these 
experiments  (Rosenbach,  No.  104,  i.\.  1878,  p.  1;  Wyseokowitsch, 
No.  13,  ciii.  1S86,  p.  328),  it  seems  to  be  established  that  mere  wound- 
ing of  the  valve  will  not  induce  ulcerative  endocarditis,  provided  the 
instruments  employed  in  the  ojwration  be  sterilised. 

Both  staphylococcus  pyogenes  aureus  and  streptococcus 
pyogenes  have  been  found  by  Wyssokowitach  (/w.  cU.)  to  induce 
endottii-ditis.  when  injected  into  a  vein  of  the  ear  iu  the  rabbit,  after 
the  mlves  of  the  heurl  had  fieeit  iivuriiial  by  tlio  introduction  of  a  sound 
through  the  right  carotid  artery.  When  injected  into  the  lung, 
they  did  not  call  forth  oudocarditis,  and  were  well  borne  by  the 
animal. 

He  believes  that  streptococcus  p.  is  the  morbific  agent  in  puer- 
peral endocarditis,  and  that  although  stai^hylococcus  p.  uiueus  is  very 
frequently  present,  and  is  in  all  pralmbility  one  of  the  organisms 
most  active  in  e.vciiing  malignant  endocirditis,  yet,  that  it  is  by 
no  means  the  invariable  cause. 

He  (/(>c.  cil.)  finds  that  a  coccus  separated  by  Nicolaier  from  soil, 
by  inocidation  of  mice,  induces  endocarditis  in  mb])its  under  the 
same  circumstances. 

Ho  has  thus  discovered  that  there  are  three  organisms,  the  intro- 
duction of  any  of  which  into  the  circulation  i»  followed  by  positive 
result,  when  a  valve  has  previously  been  woundo<l.  He  affirms,  on 
the  contrary,  that  inieroeoceus  telratjenm  and  htdilws  pneumonia!  (Fried- 
liinder's  diplococcns)  are  inert.  It  shoidd,  however,  Ik)  stated  that 
Netter  (No.  4,  xviii.  188G,  p.  106)  found  the  jnieumococcus  present  in 
the  heart  in  pneumonic  endocarditis,  and  has  been  successful  in 
inducing  the  disease  in  animals,  witii  pneumonic  products. 
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Perrot  and  Rodet  (No.  150,  p.  778,  188&)  b«re  nicMMAiIIy  looeabbii  4ap  •Hi 
digtillcd  water  in  whicli  pieces  of  endocanllura  •ffoctnl  wttk  ii)eMBti««  fal*- 
ciirditu  bad  boon  bvatvii  up. 


MANNER  IN  WHICH  THE  nROANISMS  OAIN  EKTRAyCZ 
TO  THE  VALVES. 

525.  Klebs  (No.  104,  ix.  187S,  p.  .52)  lieM  that  the  or 
in^'aded  the  system  through  the  lung ;  that  they  wrrw  carried  to  tkt 
left  heart ;  that  in  tho  cloiiing  nml  opening  of  the  valvea,  they  ««• 
retainod  for  some  time  nt  the  meeting  points  ;  and  that  oooMqtUBlljr, 
they  took  hold  of  these  and  fmcti(ie«l  n]K)n  thom.  Konter  (So,  IS, 
Ixxii.  1878,  p.  269)  was  of  opinion  that  they  wore  carried  etnbolkaBj 


into  the  vessels  of  the  valves ;  and,  :l8  tho  Talr««  contain 
vessels  than  otliur  parts  of  the  eiidocaidiuni,  that  tho  choice  of  tbcw  ■■ 
the  favourite  scat  of  the  lesions  in  endocurxlitis  was  tlius  to  he 
accounted  for.  This  o{)inion  wonld  l)e  rather  contnu-indicBlfld  bj  tkt 
facts  previously  mentioned  (p.  r)94),  namely  that,  in  the  beattiiy  etaU, 
vessels  are  absent  in  the  semilunar  and  are  very  scanty  in  Um  nillll 
valve,  and  that  new  vessels  iiavc  never  licen  found  in  acute  eo^Mtt- 
ditis.  It  might,  however,  expkiii  hvw  old  sclerous  valvet,  eret&f;  tlut 
they  are  very  vascultir,  frequently  biicomc  tho  sent  of  u>  acut*  attack 
of  endocarditis. 

The  more  general  view  is  Uiat  taken  by  Coruil  and  Baltcs  (No.  50S,  p- 
302),  namely,  that  they  pierce  into  the  substance  of  the  membruie 
from  the  suriface.  This  idea  would  seem  to  be  negatived  by  the  bet 
that  the  injection  of  micro-organisms  has  usually  failed  to  tndoee 
endocarditis,  unless  where  the  valve  had  previously  been  woonded. 
Dreschfeld  (So.  6,  1887,  ii.  p.  88 T),  however,  has  succeeded  in  acti- 
vating an  organism  from  the  vegetations  of  non-ulcenitive  endocarditis 
M-liich,  when  mixed  with  boef-tea  and  iiijert^tl  into  the  jugular  veta  of 
a  rabbit,  cHU<>e(l  a  moat  extensive  iuid  marked  uutgrowtli  of  vegetatioM 
on  the  mitral  and  aortic  valves.  Tho  same  8treptoc<x;eu«  waa>  fomd 
in  the  vegetations  as  in  the  heart  from  which  the  vinu  waa  taken. 
It  was  transferred  from  one  rabbit  to  another  with  a  like  rosalt. 

KiblM.Tt  (No,  11,  iv.  1886,  p.  1),  in  the  previous  year,  bad  denefft- 
stnited  that  if  staphyUicnocus  aureus,  after  cultivation  on  potato^  be 
injecte<l  into  a  vein  of  the  nibbit's  ear,  it  has  the  )>ower  of  ^*^''*ftlf 
an  en<lo-  and  myocarditis  without  the  tissues  having  lieen  %roaiidad. 

MfthxU  of  Pifparation. — Open  the  heart  as  carefully  m  poeefbk. 
and  without  any  undue  squeezing.  Cut  out  tbo  affected  parta  of 
the  endocardium  with  a  scissors,  without  allowing  water  to  Unack 
them.  Harden  in  ".rV,"  &nd  cut  in  tlio  freezing  microtome,  after 
soaking  in  "6"  freezing  fluid.  Stain  by  (Oram's  method,  clarify^ 
and  mount  in  solution  of  gum  dammar  or  Canada  balsam. 
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Pneumonic  Endocirditis. 

526.  Bouillauil  and  Legroox,  a  good  many  years  since,  drew 
attention  to  the  frequent  co-existence  of  acute  pneumonia  and  endo- 
carditis ;  and  attention,  in  late  years,  has  been  more  particularly 
drawn  to  the  connection  by  Osier  (No.  i64,  i.  jk  342  ;  No.  6,  1885,  i. 
p.  .''78),  and  Netter  (Na  4,  iviii.  p.  106).  Individual  instances  of 
the  disease  liave  been  recorded  from  time  to  time  by  Gulliver,  Barth, 
and  others. 

The  endocarditis  comes  on  during  the  attack  of  pneumonia,  or  in 
convalescence.  Netter  believes  that  the  most  of  these  cases  are 
accompanied  b}'  a  pneumococcus,  but  states  that  not  every  endocarditis 
which  supervenes  in  the  course  of  a  pneumonia  is  due  to  this  agent. 
Those  who  have  had  an  old  cardiac  lesion  previously,  arc  peculiarly 
predisposed  to  it.  It  is  a  fatal  form  of  endocarditis,  death  sujiervening 
from  the  fifth  to  the  eighty-sixth  day. 

It  occupies  the  left  chambers  of  the  heart  oftener  than  do  the  other 
forms  of  ulcerative  endocarditis,  and,  more  generally,  the  aortic  than 
the  mitral  orifice.  It  is  frequently  complicated  by  meningitis,  but 
seldom  by  embolism,  and  the  lung  rarely  siijipurates. 

Netter  (loc.  ci7.,  p.  112)  found  the  same  pnennioi-occus  ju'esent  on  the 
vegetations  seven  times,  and  also  througliout  tlio  whole  substance  of 
the  lungs.     It  is  likewise  found  in  the  blood. 


OUter  Sources  of  Srplic  EndoairdUis. 

Endocarditis  has  been  found  associated  with  several  other  diseases, 
many  of  which  are  currently  regardwl  as  caused  by  a  micro-orgiinisni. 
Among  these  may  lie  mentioned  scarlet  fever,  measles,  typhoidi 
and  acute  osteo-myelitis.  Lata-eremix  (No.  107,  187:i,  i.  p.  072) 
has  put  on  record  a  number  of  eases  in  which,  aiijiareritly,  malign.ant 
ulcerative  endocarditis  was  du»>  to  paludinic  ciuses. 

As  pointed  out  hy  Lecurclu''  (No.  107,  188'J,  i.  ]>.  HS-'*),  endoearrlitis 
is  somewhat  common  ifi  diabetics.  Whether  it  lie  of  an  organismal 
nature  or  not,  remains  to  be  seen.  Ordinary  diphtheria  of  the  fauces 
is  rarely  associated  with  endocarditis. 

Fitially,  it  may  lie  asked  whether  the  rheumatic  form  of  the 
disease  is  organismal,  and  to  this  it  is  difficult  to  give  a  direct  reply. 

Klcbs  and  Koc«tcr  regardc^l  aJl  fonus  of  otidocArditii*  u  orgnnismal,  »nd  the 
notion  u  still  adhered  to  by  sonio  obsvrrers,  Klebo  (No.  104,  ix.  187S,  p.  65) 
maintained  that  the  cocci  in  the  rheumatic  fonn  of  tlie  diacoite  were  larger  than  thosa 
of  septic  endocanlitis,  and  tliat  they  were  imboihled  in  a  gelatinous  maiis  which 
coimtitutcd  a  cftp«ule  for  each  individual  of  the  gioup. 

Osier  (Xo.  264,  1881,  L  p.  345)  supports  the  view  that  they  are  present  in 
rheaniatic  and  other  forma  of  endocarditis  besides  the  purely  ulcerativf  fonn. 
Micrococci,  he  says,  "abound  in  all  foniis  of  endoonnlial  vegetation — in  the  w»rtv 
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ontgrowtlia  of  rheumatic  enilocarditin,  in  tlie  vrgeUtioni  of  old  «:Urotie  mini  « 
well  OB  in  the  excrescences  nliich  <ifvelop  in  the  acute  nlcmtive  fana." 

Fnoukol  and  Stetiger  (Ku.  13,  cviii.  1887,  p.  310)  mainUbi.  that  hnk  ik 
endoearJitii  txrrueoaii  and  ulctrativa  are  mycotic  iliaeaam.  The  iBBtv  hOof*  la  Imi 
organiinns  in  a  {lartiouiar  caav,  they  Bay,  cAunot  be  held  aa  ilefinitt'ly  aettliaf  that  It 
in  not  or  ail  organisiiial  ly|it'.  Tlicm  ia  ouly  one  funn  uf  nulnranlitia  «1lid^  tWr 
maintain,  is  not  of  a  mycotic  nature,  namely,  the  atlirroinatoauk  Thtrj  wmiA 
iueluJv  the  aclerous  fonii,  wciv  it  not  as  yet  a  doubtful  ycAxyt  ••  tn  wiwltar  fe 
ia  not  limply  the  fiudl  sIak''  <^r  •i>i  R-  rermcoaa  of  parMitical  origis. 


THE  ALLEGED  ESGRAyTISQ  OF  ACUTE  VL/CRRATl 
ENDOCAHDiTlH  VPUN  AN  OLD  INDURATED  BASIS. 

527.  It   lias  been   siiid   that   acute  ulcerative  diaetM  fif  » 
nature  may  seize  u{>on  a  chronically  sclerosed  endocardium^  and  ii 
a  truly  septic  ulcer  upon  the  uld  indurated  basish 

Paget  (So.  34,  xxviL,  quoted  by  Oder)  ia  admitted  to  liai'e  llriit  dirrrtr>l  af 
to  the  frequency  urith  which  rhronically  acleroM-d  ralrca  are  atLackad  •ilii 
diiease. 

Otiler  (Xo.  0,  1885,  L  p.  487]  atataa  that  mora  than  tht»»-fowtka«rtlM«MM«l 
acute  maliKnaut  endocarditis  met  with  in  tb«  llontraal  Oatianl  HM|4tkL  wmt 
■ooompuiird  by  sclerotic  changes. 

0«>o<lliart  {So.  102,  xxxiii.  1882,  p.  S'i)  foun<l  thjii  out  of  uty-vias  mm*  rf 
■CQto  ulcenttion,  stixty-onc  wore  in  hoarta  affected  with  <-|ir«iiic  RbroiH  laiiga* 

It  cannot  be  denied,  tliat  there  is  a  certain  amount  of  oridcoce  t* 
support  the  idea  that  at  least  subacute  attacks  of  cndocsrditM  art 
liable  to  ensue,  from  time  to  time,  in  a  chronically  itnjiaim)  mdaau^ 
dium.  Crops  of  vegetations  manifestly  of  recent  origin,  arr  frN|iMiit)jr 
seen  sprouting  from  a  rigid  and  sclerosed  part  of  the  luemhraoe,  ur 
from  a  deformed  valve.  Nor  can  it  lie  admitUxl  for  an  iustool,  tktt 
these  date  back  to  the  siinic  priniari,'  attacks  of  endocarditis  whidi 
cwcaiiioned  the  chronic  thickening,  and  the  only  concluaion  to  he 
drawn  from  them  is,  that  they  are  the  outcome  of  a  aoeond  attadt, 
coming  ou  after  the  active  inflammatory  clungea  in  tJic  HMmifafBiM 
luive  Iwcome  quiescent 

That  the  vegetations,  abmsions,  or  ulcers  which  result  tikanftvoi 
are  of  a  septic  nature,  may  be  ojtcn  to  lioubt.  Wei^  the  tadividiMl 
under  conditions  which  might  tetid  to  imluci?  a  septic  state  of  tha 
bhxKl,  it  is  conceivable  that  the  weakeiiiHl,  and  it  may  be  Toiitkded« 
endocardium  would  constitut«  a  favourable  {wint  for  pansitai  Axiof 
upon. 

Tlia  antbor  rec«'Utly  met  with  a  r«*«  of  thUt  kiu<l.  It  occurred  ia  tha  (anoa  tt 
an  ohi  Woman  with  a  chrouicAlly  atheromatous,  ralcanKiiia,  attd  utooktcd  aorta. 
About  a  fortnight  before  her  death  ahe  accidrntjUly  tnorlved  an  fxtanatrw  bnni  af  tk» 
back,  neck,  and  dloaUera,  which  msultrd  in  the  skin  of  tbcaa  parta  ilnei^tl^ 
Tli«  wound  putrallad  la  apita  of  autiseptic  drrssings,  and  she  rridelit)j  alM  htm 
wptio  poiaouing.    The  aorta  was  very  athor«niatou»,  atid  wbrrvvcr  aa  ahtaiioa  «f 
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the  8urf»e<?  occurred,  there  was  a  woent,  soft,  fleah-like  vegetation  mau  covering  it, 
eontainiii);  numerous  masaea  of  micro-organisnis.  The  heart,  which  was  free  from 
viceratiou  or  endocarditic  thickening,  did  uot  show  any  of  these  vegetations,  nor 
did  other  vessels  whose  surfaces  were  iuUct.  It  was  only  where  the  deep  textures 
it  the  Teaael  were  exposed,  that  they  wore  to  be  found. 

LitcnUure  on  MiUirpmnl  EndocardilU. — Bramwell  and  Hare:  Am.  J.  Mvd  Sc, 
idL  1S86,  p.  17.  Bristowe:  Trans.  Path.  .Soc.,  x.  lSf)9,  p.  114.  Broadent:  Brit. 
MeiL  J.,  1888,  i.  p.  IIO.I.  Bruen :  Med.  News,  Phila.,  ili.t.  1880,  p.  '20a.  Burkart: 
\^\.  klin.  WoilinBchr.,  xi.  1874,  p.  149.  Carrin^ton :  Tniuu.  P«tb.  Boe.,  xxxvi.  1S84, 
p.  135.  Coupland  :  Me^L  Times  anil  Gnr..,  1882,  i.  p.  438.  Carter :  Binning;h.  Med. 
Jouni.,  li.  1882,  p.  '241.  Comil  et  Babes  :  I>es  Hacteries  et  leiir  rule  (lana  ranatoniie 
«t  I'bintolom  iiathol.  ile»  iiialitilie6  iufcrt.,  i>.  302  ri  my.  CumO'W  :  I^ancet,  1883,  i.  p. 
iWO.  Dickinson:  Trans.  Pnih.  Si>e.,  xvii.  ]8t)6,  p.  7tJ.  Dreschfeld  (Organism  in 
E. )  ;  Brit.  Me.l.  Joam.,  lS87,  ii.  p.  887.  Duf  uet  et  HayenJ  :  tJaz.  mul.  lie  Pari",  Ig^,"), 
p^637.  Eberth  :  Arch.  f.  path.  Auat.,  Ivii.  1873,  p.  228  ;  Jl>id.,  Ixxii.  1878,  p.  1(>3. 
Fraenkel  and  Saenger  :  Arch.  f.  path.  Anal.,  cviii.  1887  p.  286.  Gerber  and 
Birch- Hirschfeld :  Arch.  f.  Hcilk.,  x\-ii.  1876,  p.  208.  Glynn  (Infective):  Liverp. 
*U<<d.  Cliir.  J.,  <fl  1886,  p.  379.  Goodbait :  Trans.  Path.  Soc..  xxxiii.  1881-2.  p.  62. 
Grancber  (Micrococcnn) :  Bull,  et  m^m.  Soc.  mi'd.  d.  Imp.  tie  Par.,  1.  1884,  p.  212. 
Haniburg'er:  Ueber  acute  Ead(K'&r<liCis  in  ilirer  Bczichune  xu  Bakterien,  1879, 
Heiberg-:  Arch.  f.  p.-vth.  Anat.,  tri.  1872,  p.  407.  Kirkes  :  K<lin.  Me<L  Joiim.,  Ixxx. 
1853,  p.  119;  nljio,  Brit.  nied.  jnuru.,  1863,  p.  149.  Koester :  Arch.  f.  path.  Anat,, 
lirii.  1878,  p.  2.17.  Lancereaux  :  Gnx.  de  mid.  1862,  p.  644  ;  aUio,  Arch.  g^n.  de 
taid.,  1873,  i.  p.  672;  u/«o,  Union  racd.,  Par.,  iliii.  1886  pp.  145.  Ifi7.  Ledoux- 
LetM-ud :  Arch.  k<'ii.  de  mid.,  1886,  i.  p.  282.  Mackenzie  :  Tmns.  Path.  Soc.  xxxiii. 
1881-2,  p.  61.  Maier:  Arch.  f.  path.  Anat.,  Ixii.  1874,  p.  145.  Michel :  De  I'endo- 
carditc  rlaua  I'elat  puerpiTal.  Thi-ne  de  Paris,  1873.  Moore  (N.)  :  LunL-ct,  1883,  i.  p. 
J3.  Moxon  :  Trans.  Path,  Soc,  xix.  1868,  p.  154;  fbul.,  p.  168;  /bill.,  xxi.  1870, 
p.  107.  Netter:  Arch.  de.  Phy.s.  norm,  et  path.,  xviii.  1886,  p.  106.  Nykamp : 
lArch.  f.  exj).  Path.  n.  Phann.,  x.  1879,  p.  304.  Ogle  :  TrauH.  Path.  Soc.,  ix.  1858,  p. 
131.  Orth:  Lehrb.  d.  spec.  path.  Anat.,  i.  1883.  Osier:  On  Some  Pnint-s  in  the 
^iolo^y  and  Pathology  of  Ulcerative  Eudocarditin,  Load.,  1881 ;  alMi,  lufectious  (bo- 
ealiiNl  Ulucrative)  Endocarditis,  N.  Y.,  1881  ;  aixo,  Trans.  Intemat.  M.  Cong.,  I.imd.,  1881, 
L  p.  341;  also,  Brit.  Med.  Jouni.,  188."),  i.  pp.  467,  522,  677.  Paul:  Liverp.  Med. 
Dhir.  Joura.,  iii.  1883,  p.  152.  Pollock  :  Lancet,  1882,  iL  }>.  976.  Prudden  (Experi- 
lental):  Am.  J.  Med.  Sc,  xciii.  1887,  p.  55.  Rosenbach  :  Archiv,  f.  <<xper.  Path. 
Pbormakol.,  ix.  1878,  p.  1.  Sansom :  Lettsomian  Lecturer  on  Valvular  r)i>paxc9  nf 
I  Heart,  1886.  Smith  (right-sided):  Tr.  Acad.  Med.  Ireland,  iv.  1886,  p.  349. 
lUtterthwaite :  Med.  Rec.  N.  Y.,  xxix.  1886,  p.  239.  Taylor:  Trans.  Path.  Soc, 
1882-3,  !•.  38.  Weckerle  :  Munchen  mod.  Wochn&i^lu-.,  xxxiii  1886,  p.  663  et 
Westphal  :  Anh.  f.  path.  Anat.,  xx.  1861,  j).  542.  Wilks:  Brit.  Med.  Joum., 
.882,  L  p.  39.     Wyssokowitsch :  Arcliiv.  f.  path.  AuaL,  ciii.  1886,  p.  301. 


Idiopathic  Endocarditis. 

L528.  As  before  mentioned  {Sect.  516),  it  is  proposed  to  reserve  this 
rm  for  those  instances  of  endocarditia  whose  ultimate  cause  Las  not 
IB  yet  been  detected.  Their  number  is  growing  daily  less,  and,  in 
"Durse  of  time,  the  class  will  probiibly  become  extinct. 
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CHAPTER   XL 

THE  HEART— DISEASES  OF  ENDOCARDIUM— {Cbniui-rfl 
ElTEOTS  OF   EmXtCARDrnS   ON  THS   VALVTtS 

(1)  AORTIC 

529.  It  will  bo  rememherod,  that  there  u  a  fibroiu  ring  in  the  hanna 
hcurt,  at  the  ba.se  of  the  aortic  valve,  which  senret  U*  unite  the  xxU 
with  the  muscular  wall  of  the  ventricle.  A  dmiUr,  ftlthoii^  non 
slender,  ring  is  placed  at  the  base  of  the  pultnoiuuy  ut«iy. 

Fettigraw  (Na  78,  p.  189)  doKribea  thaw  riDgi  thw  ■.— "  Xaob  ring  oarfM^a 
VM  shovn  by  Rvid,  of  throe  con\*ex  portion*.  Each  conTsx  poitioa  b  4ll«cM  few 
abort  duwnwnnU,  and  from  ^tboat  iiiwarda,  kud  m  it  itnitM  above  frtUk  tkil  artl 
to  it,  the  two  when  takoo  together  form  a  couicul-iihapod  [WiinilnMMW.  «Wt4  h 
admpt«d  to  one  of  thn  three  triaogalar-ahaped  iiitoni|iitc«s  ucwuiillg  Wtww  At 
•egtncnt*  of  the  lemi-Iunu'  ralrei."  In  tome  animalt,  the«  ria^  at*  mttikt^mi^ 
and  it  haa  uran  been  awtert^d  (Dondert)  that  atcllate  corpnaelaa  dadlar  to  Ikiit  4 
cartiLiginoua  tumours  occur  in  Man.  Pettigrcw  (p.  267)  WJA  ^t  tWf  g|«t  i^ 
tachmcnt  to  the  muscular  fibre*  of  the  auricle,  but  to  almotl  warn  nf  Umh  «f  At 
Tentricle. 

It  ahould  be  borne  in  mind  that  the  aortic  cmpi  an)  oflaB  aatnsllT'  CcMitaikJ 
at  the  margin. 

During  the  acuto  stage,  the  cusps  like  other  p.trtiii  of  the  endoor 
diuro  become  milky,  thickened,  utul  f)p:iqut<,  and  when  the  cknoit 
stage  sets  in,  the  quantity  of  tibrous  tissue  liccomcs  cxoeaaivvi  Th 
parts  showing  the  greatest  thickening  an*  at  tlit^  Mlg«  of  tlta 
around  the  corpus  Arantii,  and  iu  the  u1>ov<Muentiant<d  fihraos 

The  thickening  of  the  free  margins  of  the  cusps 
followed,  in  course  of  time,  by  its  almost  inevitable 
incompetency.  The  induration  of  the  Kbrous  ring  at  their  bt»,  M 
the  other  hand,  intluces  narrowing  or  stenosis  of  the  orifice  wilh  ill 
attendant  circumstances.  The  retraction  of  the  aortic  coape  ■  tamt' 
times  so  extreme  that  they  may  come  t»  be  represented  m«r«}rlqr 
traiuw,  rocal-cord-Uke,  ridgea. 
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The  ulceration  which  follows  the  sclerosis  of  the  valves  is  accom- 
panied by  the  most  disastrous  results.  It  may  destroy  half  their 
thickness,  and  thus  predispose  to  valvular  aneurism,  or  it  may  per- 
forate the  entire  thickness.  In  other  instances,  the  cusp  presents  a 
ragged  appearance — it  becomes  torn  into  fragments,  and  these  are 
sometimes  found  dangling  by  an  attenuated  extremity. 

The  aortic  ring  sometimes  suffers  complete  calcification. 

One  aortic  cusp  may  be  unnatural!}'  largo  and  stretched,  while  the 
other  two  may  be  thickened  and  retracted.  By  this  means,  what 
would  otherwise  have  been  a  regurgitant  valve  may  still  retain  its 
competency,  the  one  large  cusp  filling  the  space  left  vacant  by  the 
other  two.  This  has  been  explained  on  the  ground  of  congenital 
deformity,  but  the  explanation  will  not  always  hold  good.  A  more 
probable  theory  seems  to  be  that  which  presupposes  it  to  have  been 
less  injured  by  the  endocarditic  thickening,  and  hence  to  Imve  had 
increased  work  thrown  upon  it. 

Vegetations  frequently  sprout  from  the  aortic  cusps,  and  are  most 
generally  located  on  the  margin  of  the  valve,  or  on  its  ventricular 
aapect  where  the  cusps  meet.  In  the  latter  situation  they  often  con- 
etmct  a  fringe- like  crescent.  They  are  rarely  seen  on  the  aortic 
surface  of  the  valve,  an  exemption  which  is  supposed  in  bo  derived 
from  there  being  less  friction  on  the  aortic  side  than  on  the  ventricular. 

Indeed,  some  authors  have  gone  so  far  as  to  allege,  that  endocardial 
thickening  is  always  due  to  friction. 

Hudgkiu  (No.  178,  iii.  p.  439]  drew  attention  to  tbo  thickening  the  endocardium 
■offers  by  the  nibbing  against  it  or  an  adjacent  chronically  indurated  ]iortion. 

Virchow  (No.  120,  p.  506)  explained  the  occurrence  of  endortirditLi  so  frequently 
upon  the  valves,  by  the  stretching  and  friction  to  wldch  they  were  subject. 

MoxoD  (No.  59,  1873,  ii,  p.  622)  has  been  led  to  believe  thnt  the  "friction  with 
fibriii  clots,  togetlter  with  mechanical  strain,  make  the  principal,  if  not  the  sole, 
direct  cause  of  cndocurilitis ;  rhcumutisui  and  other  general  itates  creating  only  a 
vulnerability  of  the  fibrous  structures  so  that  they  cannot  resist  the  irritation  of  the 
friction." 

Aortic  valve  disease  from  acute  rheumatism  is  commoner  in  men  than  in  women. 
This  is  said  to  be  an  effect  of  overstrain  upon  the  cusps. 

(2)  MITRAL. 

530.  The  mitral  valve  cannot,  strictly  speaking,  be  held  to  consist 
of  two  cusps.  If  it  be  carefully  e.xaniined,  it  will  be  found  that  the 
free  edge  is  perfectly  continuous  ai>d  unattached  all  round,  whereas 
the  aortic  cusps  are  separated  by  distinct  intervals. 

The  wing-like  appendages  at  each  side  of  the  mitral,  ia  animals,  art  not  discover- 
able  in  Man. 

What  is  called  the  posterior  cusp  of  the  mitral  is  much  the  less  mov- 
of  the  two.     This  is  occasioned  by  its  being  shorter  than  the 
le  fact  that  it  is  bound  to  the  wall  of  the  ventricle 
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by  a  complete  network  of  short  tendinous  conU,  ■• '  '  '  'm  i 
prevent  its  being  driven  upwards  into  the  aunclt' 
sy&tole.  The  anterior  cvxs\>,  on  the  other  hand,  {nacLuiailj  eoafriM 
the  whole  of  the  endocardium  from  the  base  uf  the  aurtio  dowswk 
It  is,  in  fact,  attached  to  the  part  of  the  aortic  ring  corrajwafiog  I* 
the  two  anterior  aortic  cusps.  The  mobile  |>art  of  the  mtwfar  <af 
will,  accordingly,  be  found  to  be  something  like  thnw  tinea  M  wOm 
stve  as  that  of  the  posterior,  and,  moreover,  not  being  ratniMd 
by  any  tendinous  structures  other  than  the  chordn  tondiM*  of  Ibt 
rausculi  papillares,  it  is  thus  enabled  to  move  tltrough  »  mndl  Ispr 
spiico  than  the  posterior. 

If  air  be  blown  from  a  bellowa  by  gentle  puffit  into  the  TBOtricU,  thiM^  m  b^ 
cigion  in  th«  apex,  and  if,  at  the  sanie  time,  the  aorta  b«  ligatnrod,  tlw  pnpoadHilfaf 
fre«dom  of  action  of  the  anterior  ca«p  can  tie  b<«Qtifttlly  HMO.  TIm  potlalar  Ifl^tf 
movea  while  the  anterior  u  alternately  retracted  and  driTm  ■{Mnudc 

The  Musculi  papillares  of  the  mitral  uiae  in  two  seta,  both  bm 
the  po-sterior  wull  of  the  ventricle,  and  are  placod,  one  at  tha  li^ttfb 
other  at  the  left  side  of  the  (lattoned  valve  Elach  set  can  be  nmgklf 
subdivided  into  two  main  maasea,  and  to  theao  tho  dunda  ■■ 
attached. 

The  primary  chordx  tendinez  arising  from  each  laiatal  tmm 
of  muuculi  are  from  tivo  to  bovon  in  number.  Thejr  looa  ^iBt  i^^ 
however,  so  that  at  their  points  of  insertion  into  tb«  casfM  tlMf  WKl 
have  increased  threefold,  and  they  liccomo  correapondiogljr  fiiMt. 
They  are  inserted  into  the  right  and  left  sides  of  tbo  free  margia  d 
the  flattened  funnel-like  valve ;  but  both  ontorinrly  and  poateriorlj  te 
insertions  of  the  fan-shaped  expansion,  which  the  mata  of  cboHa 
resembles,  nearly  meet. 

The  effect  of  an  old  endocarditis  on  the  mitral  ia  to  eaat 
thickening  of  all  its  |>iirt&  Not  only  does  the  subatanee  pnpv  d 
the  valve  suffer,  but  the  chordie  tendinoa?,  where  the  diaeaae  haa  bea 
at  all  extensive,  almost  ccrtttinly  i>articii>at<>.  The  result  of  tUi 
thickening  is,  that  the  intervals  between  the  subdivisaona  of  thacbofdB 
become  reduced  in  size  and  ultimately  filled  np,  so  that  tlwjr  coat  M 
resemble  a  solid  fibrous  pillar  rather  than  an  aggregation  of  iaohlal 
bands.  At  the  same  time,  they  are  dragged  upwards  lowardi  ite 
marjidn  of  the  valve,  and  so  shortened  that  the  tip  of  tlie 
|)apilhires  may  actually  be  in  contact  with  the  cospa.  The 
wall  of  the  ventricle  is  also  pulled  upon,  and  being  thua  bofond  to  ibt 
sclerosed  mitral,  will  be  retarded  in  its  free  action. 

The  mitral  has  just  been  described  as  hnnng  a  oontinaona  fnt 
margin.  It,  in  fact,  resembles  a  collapsed  funntd  pushed  into 
ventricle.  When  the  valve  haa  become  the  subject  of  chronic 
ing,  this  continuity  of  the  edge  causes  a  peculiar  and  clmracteriatie  it- 
formity.  The  valve  contracts  universally  so  as  to  narrow  the  ootkft  rf 
the  funnel     In  the  majority  of  casee,  the  orifice  of  the  valve  bacoMi 
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transformed  into  a  buttonhole-like  slit ;  in  a  few,  it  retains  its  funnel- 
like  character. 

At  first  sight,  it  appears  as  if  the  adjacent  surfaces  of  the  valve  had 
ttecotne  a<lhereiit,  but,  on  more  careful  examination,  it  will  be  seen  that 
this  is  fallacious,  and  that  the  narniwiiig  is,  in  reality,  a  result  of  the 
universal  leather-lLke  thickening  of  the  free  margin  of  the  orifice.  It 
is,  indeed,  questioniible  whether,  under  any  circumstances,  tlie  surfaces 
either  of  the  mitral  or  aortic  valves  become  adherent.  The  con- 
dition is  often  described,  but,  in  most  cases,  if  more  carefully  examined, 
the  deformity  can  bo  otherwise  explained.  Those  cases  in  which  the 
■B^B  of  the  aortic  have  been  described  as  fused  together  so  as  to 
Hiiemble  an  inverted  funnt'l,  have  i>robably  been  so  congenitally.  The 
(constant  motion  of  the  valve  would,  it  might  be  supposed,  tend  to 
prevent  any  such  adhesion  occurring. 

As  the  mitral  is  practically  continuous,  through  its  anterior  cusp, 
irith  the  aortic,  it  follows,  that  any  contraction  in  this  cusp  will  pull 
lipon  the  latter.  It  is  a  question,  whether  the  aortic  or  mitra!  might 
not  in  this  way  be  rendered  secondarily  incompetent. 

When  the  mitral  is  looked  at  from  the  auricular  aspect,  much  the 
liest  view  ii»  had  of  the  amount  of  deformity  which  it  has  suffered. 
The  buttonliole-like  sh.ipe  of  tlie  aperture  then  becomes  apparent ;  and, 
frequently,  tuberous,  fibrous,  or  calcareous  masses  can  bo  seen  project- 
ing from  the  side  of  the  cusps. 

The  Vegetations,  in  mitKil  disease,  are  most  commonly  on  the  free 
ijnargin,  or  on  the  auricular  aspect.  When  on  the  latter,  they  may 
'reBemblo  a  narrow  fringe,  or  may  be  spread  out  in  the  wall  of  the 
auricle  ;  and  often  cover  a  wide  areiu  When  outspread  in  this  way,  they 
conunonly  lie  on  the  left  wall  of  the  auricle,  that  is  to  say,  ojyposiU  ihe 
foints  of  entrance  of  the  pulmonary  veins. 

The  chronically  sclerosed  mitral  is  prone  to  calcification.  The 
calcic  matter  may  be  deposited  in  masses  or  Ikj  universally  distributed. 
A  large  atheromatous  and  calcareous  plnqiie,  which  materially  interferes 
•with  the  free  play  of  the  anterior  mitral  cusp,  is  frequently  placed  in 
•the  expansion  of  endocardium  between  the  two  valves.  It  sometimes 
.happens,  that  the  auricle  may  be  so  universally  calcified  as  to  resemble 
ft  shell-like  structure. 

(3)  TRICUSPID. 

531.  In  three  tyjiieal  instances  of  tricuspid  stenosis  which  lately 
«ame  under  the  authors  notice,  the  following  was  the  condition  of  the 
(valve.  The  cusps  were  all  thickened,  especially  at  their  edges,  so  that 
they  appeared  to  bo  .vlherent,  a  fallacy  alreaily  referred  to  under  mitral 
diseafto.  The  edge  of  the  funnel-shaped  aperture  had  become  indurated 
nd  retracted,  so  that  it*  subdivision  into  three  parts  had  practically 
obliterated.  The  di.ameters  of  the  orifices  were  "9  inch  in  one 
pie  and  1  inch  in  the  other  two  (normal  15  to  1'8  inch).     In 
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all  cases,  it  wus  accompanied  by  old  standing  endocardiUe  diMM*  rf 
the  left  side  ;  and,  in  each  of  the  three,  there  waa  evidenoo  to  ihov  tht 
the  tricuspid  disease  was  not  congenital,  hut  had  been  doe  to  a  Gb 
cause.  In  one  case,  the  stumps  of  vegetations  w«re  adlMfmft  t«  Aa 
thickened  edge  of  the  valve.  The  valve  appeared  to  be  ineoapalal  it 
them  all.  In  one  instance,  the  mitral  alone,  in  the  other  tvo^  Ua  aikri 
and  aortic,  were  sclerosed.  The  lesions  of  tlie  left  side  wer«  br  mm 
severe  than  those  of  the  right  In  none  of  the  caaea^  waa  then  mf 
abnonrnility  of  the  pulmonary  artery  orifice. 

Rofwuatcin  itatM  (No.  206,  ri.  p.  150).  that  atonaiia  of  tha  tricMspil  4aka  iiB 
foeUl  life,  tuid  Pearack  (No.  192,  v.  p.  67)  iuclina  to  ■  ■imilar  Tiev.  TUi  «mmI 
borne  out  by  the  history  of  two  at  least  of  the  inJiriJoali  from  whan  tlw  iltm 
heart!  wore  token  (tlio  history  uf  the  third  cose  wu  unfortunately  wanttag^  Itea 
waa  a  distinct)  roconl  of  rhouuatic  ferer  a  few  yean  Iwforo  doath,  aad  Ik*  spp*^ 
anoea  pointod  to  an  endocarditis  snpcrreniog  in  adalt  U/a.  Tb*f  «Mi  iB  •"■ 
twenty-seron  yeatB  of  age. 

The  diaeaae  ia  more  common  in  females  than  in  male*.  In  tL*  aboM  UOH  ^Hk 
two  were  fcmalca  and  one  a  mala.  (See  alao  Greenfield,  No.  102,  zxriL  IVMvf 
113). 

(4)  PULMONARY  ARTERY. 

532.  Inflammatory  disease  of  this  orifice  is  undoubtedly  nttt  ihia 
that  of  any  other.  The  most  remarkable  case  which  th<t  aiitiwr  i^ 
members  to  lutve  examined,  was  one  in  which  a  huge  nutaa  of  fimhriatai 
vegetations  grew  frum  the  cusps,  ao  large  aa  in  groat  part  to  oblitenti 
the  opening.     The  other  orifices  were  healthy. 


EFFECTS  OF  ENDOCARDITIS  ON  OTHER  PARTS  OF 
MEMBRANE. 

Patches  of  thickened  eudooardiuni  an;  frequently  noticed 
than  in  the  vicinity  of  the  valves.  Tliese  ;u-i<  liable  to  beooiiM 
matous  or  to  calcify,  or  they  may  ulcerate.  Vegetations  are  . 
ally  aeon  sprouting  from  them,  more  eepecially  when  thoy  are 
orar  a  musculus  papillaris. 


EFFECT  OF  ENDOCARDITIS  ON  THE  ACTION  OF 

THE   VALVES. 


633.  MitraL — It  will  be  found  that,  in  nearly  every 
mitral  stenosis,  where  the  rigidity  is  at  all  advanced,  the  valva  fa  i 
incompetent'     Constriction  with  incompetence,  moreover,  ewMtilf^ 
out  of  all  proportion,  the  commonest  form  of  mitral  deformity. 

Instances  of  pure  mitral  rogurgit&nce  are  rare,  and  are  umaQj  ihl 
effect  of  dilatation  of  the  ventricle  (Balfour).     Ililton-Fagge  (Na  1M^ 

'  See  alao  Roeenataia  od  ihU  rabjefit,  Na  206,  vt  pp.  12ft,  161. 
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iv.  p.  609)  says  that  another  cause  of  it,  is  stretching  of  the  chordra, 
Trhereby  the  edge  of  a  cusp  becomes  inverted  into  the  auricle  during 
Bystole,  but  emphasises,  that  the  condition  is  rare.  A  more  likely 
cause  of  mitral  incompetency  without  constriction  would,  a  fortiori,  be 
■where  one  of  the  chordae  becomes  shortened  .and  drags  upon  the  valve. 
From  the  author's  own  statistics,  it  apjtears  that  not  a  single  case 
of  mitral  defect  was  refemble  to  a  purely  dilated  state  of  the  valve. 
Thia  is  to  be  accounted  for  by  the  lax  condition  of  the  free  margin  of 
the  valve  allowing  of  considcnible  stretcJiing  and  adaptation  to  a 
deficiency.  When  air  is  driven  into  the  valve  from  below,  it  becomes 
evident  that  there  is  a  superabundance  of  lax  tissue  at  the  edge,  which, 
in  tlie  natural  state,  is  thrown  into  folds  in  a  spiral  manner  (Pettigrew), 
and  which  can  be  expanded  when  the  orifice  is  dilated,  without  allow- 
ing of  regurgitance. 

Aortic. — The  cflfect  of  endocarditis  on  this  orifico  dei)ends  mostly 
upon  what  stnicture  of  the  orifice  is  cliiofly  implicated.  Aorfic  sfmoifis 
is,  in  by  far  the  greater  number  of  cases,  the  result  of  induration  and 
constriction  of  the  aortic  riiuj,  whereas  atyrtic  incompelence  follows  upon 
contraction  and  deformity  of  the  nisps  ;  sometimes,  it  is  said,  although 
this  is  doubtful,  upon  pure  dilatation  of  the  aperture.  Constriction  of  the 
aortic  and  of  the  mitral  orifices  is  thus  caused  by  two  different  factors. 
In  the  former,  it  is  the  base  of  the  valve  which  is  involved  {the  aortic 
ring),  while  the  cusps  may  be  free  ;  in  the  latter,  it  is  the  edge  of  the 
valve,  and,  usually,  a  great  jiortion  of  the  substance  of  the  valve  itself 
which  occasion  the  constriction. 

As  a  matter  of  experience,  however,  in  the  post-mcrtem  room,  it  will 
be  found,  that  the  aortic  orifice  is  rarehj  constricted  uitlioul  Uie  valve 
heiny  at  tlie  same  time  incompetent.  The  converse  does  not  hold  gf>od, 
for  the  valve  may  be  decidedly  incomjHiterit  and  the  size  of  the  orifice 
be  either  normal  or  greater  than  in  health. 

The  explanation  of  the  fact  that  st-enosed  aortic  is  almost  always 
accompanied  by  regurgitance  may  l>o  twofold,  namely,  either  that  the 
cusps  are  coexistently  implicated  M'ith  the  aortic  ring  in  the  sclerosis, 
or  that  the  constriction  of  the  aortic  ring  throws  tliem  into  folds  and 
prevents  their  accurate  closure.  In  the  latter  case,  the  incompetence 
ia  oft-en  slight. 

Tricuspid- — This  valve,  like  the  mitral,  is  in  reality  a  free  funnel 
inserted  into  the  ventricle.  The  cusp  which  lies  adjacent  to  the  ven- 
tricular septum  is,  like  the  posterior  cusp  of  the  mitral,  firmly  bound 
down  to  the  wall  of  the  sejitum  by  a  plexus  of  short  chordte.  When 
air  is  blown  into  tlie  ventricle,  this  cusp  moves  very  little,  the  closure 
of  the  orifice  being  effected  mainly  by  the  other  two  cusps.  Of  these, 
the  one  which  lies  immediately  below  tlio  pulmonary  artery  presents 
the  larger  surface,  and  is  the  more  mobile. 

The  tricuspid  differs  from  the  mitral  in  being  disunited  from  the 
base  of  the  semi-lunar  cusps.  It  is,  in  fact,  a  purely  atrio-ventiicular 
structure,  while  the  mitral  is  an  (itm-vetitricuio-aortie  structure. 
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The  tricuspid  may  be  stretched  to  a  great  size,  imAtmAj  witkiat 
Beriously  impairing  its  utility.  Simple  dilaUtion  of  \h»  trimfid 
may  be  present  without  necessarily  any  disease  of  the  Mi  ^h. 
There  is  no  murmur  in  moat  of  these  caaea  to  indicate  that  tte  nh« 
is  dilated,  nor  is  there  necessarily  any  of  the  veooua  ttn^aMMl 
during  life  tliat  might  a  priori  be  expected.  If  air  be  blown  tatetkt 
right  ventricle,  the  tricuspid,  owing  to  a  slight  escape  of  air  froa 
between  the  cusps,  wiU  seldom  be  found  to  close  with  the  shaip  dkk 
that  can  be  elicited  from  all  the  otlier  three  ortfiees.  This  amaral  4 
incompetency  has  been  supposed  to  be  the  normal  ■       '  * 

hearts,  and  posl-mnrtrm    exaniiimtion  would   nimrwt 
greater  incompetency  of  the  Iricusjiid,  tlirougli  il  bund  |i»> 

sent  in  many  individuals  without  csiusing  any  appP'  j  hyaiad  t^ 

There  in,  admittedly,  considonble  difficalty  in  ■ocurately  diagiMwiag  tricvfil 
diaeaac,  even  where  there  is  •  mannar  (see  Sanaom,  Ko.  2tf5,  p.  1 S6X  tmt  th«  oiMH 
of  triciupid  rvgurgitstioD  irithoQt  any  munnur  would  lie  •till  man  4iBMil  4 
dettiotion.  Jugular  piilaatioii  ia  one  of  the  cnmiiummit  iiigna  of  trioMfM  nfft^ 
tion  with  a  munnur,  ittill,  it  may  be  preaeut  without  any  monniir  b«ta(  oiydUKl 
detection  (compare  Rooenatoin,  No.  200,  vi.  ]>.  ISl  ;  aud  Balfoar,  Koi.  M^  |l  ITIV 

LiUratttrt  on  Ditaut  of  Valw*. — Andrew  :  Trami.  Path.  Soe.,  xA.  IMBy  fk.  0. 
Bahr:  Ueb.  loirafficiciu  d.  Semilunar  klni>|irti  il.  AorU.  Ift.1.3.  BaO  iriliiltwiilrfll 
McL  Rec.,  N.  Y.,  xxt.  18»4,  p.  3»».  Balfour  iC.  W.) :  B<lm,  MnL  Jawiu.  B* 
I8«0,  p.  1.  Bristowe  :  Trnu<.  Path,  Soc..  nii.  16&6-7,  p.  l&A  :  /UA.  tx.  )M7A^ 
67  ;  aUo,  Brit,  nnd  Fur.  M.  Cliir.  Rev.,  uviii.  lattl,  p.  215.  Broadbcot:  km.  i.  Mii 
Be,  xci.  1886.  p.  57.  Cayley:  Traiu.  I'ath.  Boc..  ivll.  DiOO,  n.  M.  Con%M" 
Etiiu.  Mo<l.  and  i^urx.  Joum.,  xxx\'ii.,  AprU  Wi'l.  Delafield  :  N.  V.  M«L  iaan.  SBL 
187)*,  p.  'i»'l-  Duckworth:  8t  Karth.  Hwp.  Hep.,  >ii<  1><:'.  t>  893.  Fani: 
8y«t.  Me<L  ReyjioliU,  Iv.  1M77,  p.  Ml.     Fenwicke  ('I  ti<»i«) :  Traaa.  f«ik. 

Boc..  xxxii.  lt<81,  i>.  Vi.     Gairdner ;   E<liii.  Mnl.  .ii  Galabia:  Ov^'k 

IIocp.  B«p.,  XX.  Cibson:  Joum.  Anat.  and  riiy«.,  xiv.  ij.T'j  «0,  p.  (13.  Gowtn: 
Traui.  Path.  Soc.,  xxviii.  197tf,  p.  h\.  Greenfield  (THeuapiJ  ujit  MlUml  tWitii ' 
Trana.  Path.  Soc.,  xxviL.  187&-IJ.  p.  113.  Hampcln :  Zu<br.  f.  kliu.  Had,,  li.  U«^ 
p.  487.  Hebb:  Tran*.  rati..  So..,  ixivi.  IHSi,  |..  Itr..  Hewen:  Ttaa.,  PalkSM. 
Hi.  lR,W-r.l,  p.  78.  Hilton-Fag-g^e  (Mitmi):  cuy'i.  H.xp.  IWp.,  trL  1871, 
Horrocka  (Trii-mpid  ami  Mitml  SlriKwin)  :  Train.  r«lti.  So-.,  mii.  1( 
Humphry:  Trin«.  Pal  h.  Soc..  xxxii.  1881.  p.  77.  Johnson:  bnl.  Ued.  J« 
i.  pp.  34,  02.  Kane  :  I'roc.  Path.  Soc.  Phila.,  i.  18:.7,  p.  tW.  KcUy:  T 
Soc.,  XX.  ISCe,  p.  1&3.  Klebs  (Ol»rati»«  loterferenoe  wiOi  Val»«»,  »nd  < 
Prag.  mud.  Wociinschr.,  L  187ti,  p.  29.     Laurand  :  U-  valmlaim  4« 

1S81.     Legg:    Trans.    Path.   8.ic.,   xxvl.    I87.'i.   fi.    i  .slri :  Arrk    f. 

Anat,,  Uzvi.  1N7!>.  p.  292.      Loebl  :  Med.  JabrU   d :    Staatn,  WM^aK 

IMS,  p.  1,    Luschka :  An:h.  f.  jaih.  Aiiat,,  xi,  1KA9,  )>.  |44,    Mctcatfc :  lyaa  9. 
Y.  Path.  Soc.,  i.  1876.  p.  97.      Moore  (Stenmi«  of  Trinwpid) ;  Ru  Barth.  Hi 
xtIi.  1881.  p.  225.     Paul  (Ex|wrimenUl) :    Bull.   Acad,  de  mW.,  art  1 
Peacock  (Hu]>ture) :  Tran«.  Path.  Soc..  iii.  1850-61,  p.  71  ;  (Hnpturt;),  /U<£, 

k«7.     Pepper :  Tran*.  Path.  Sen:.  I'hlla.,  tL  1877,  p.  «l.     PoUocl. 
tb.  Soc..   xri.    186^.  p.  82.      Qnain :    Mouth.  Jourti.   Mnl.   ^ 
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The  Relative  Danger  of  Valvular  Lesions, 

534.  It  has  long  been  recognised  that  an  individual  may  have  a 
loud  left -aided  valvular  niunuiu-  from  organic  lesion,  and  not  ex- 
perience any  inconvenience  from  it.  Some  of  these  persons  live  to 
old  age. 

I  Clsrk  (So.  6,  1S87,  i.  p.  372)  hu  tabulated  a  series  of  six  handred  and  eighty- 

'      three  uistanees  of  [laticnts  who  cohsuIIimI  him  for  oilier  diseases,  and  in  whom  ho 
discovered  an  unsu8i)e<;ted  valvular  uiirmur.     Some  of  the  niuniiurs  weru  mitral, 
I      otben  aortic,  and,  in  a  krge  proportion,  the  lesion  affected  both  orificea. 

It  is  pretty  generally  aclcnowlciJged  that  the  most  dangerous  form 
of  valvular  disease  la  aortic  rogiirgitanco ;  at  any  rat«,  the  patient 
is  more  likely  to  die  suddenly  from  this  than  from  other  valvular 
defect*. 

In  such  cases  of  sudden  death,  the  aortic  orifice  is  often  dilated  as 
well  as  incompetent  On  referring  to  Section  540,  and  to  those  im- 
mediately succeeding,  it  will  be  found,  that  of  all  aortic  lesions,  this  is 
the  one  which  induces  greatest  dilatation  of  the  other  orifices,  and 
that  it  is  followed  by  the  greatest  hypertrophy  of  the  ventricular 
walls,  circumstances  evidently  pointing  to  strain  during  diastole  from 
arterial  recoil,' 

There  is,  however,  much  difficulty  in  estimating  the  relative  danger 
of  valvular  lesion,  owing  to  no  two  cases  being  exactly  alike,  as  regards 
the  nature  and  extent  of  the  disease,  the  amount  of  compensation 
which  has  taken  place,  and  the  general  efficiency  of  other  organs. 
Kea-soning  from  a  theoretical  basis,  it  might  Ite  said,  that  a  constricted 
mitral  with  an  incompetent  aortic,  ought  not  to  be  so  dangerous  as  one 
in  which  the  mitral  is  of  natural  size  or  dilated.  The  destructive 
influence  of  aortic  regurgitance  is  felt  daring  diastole,  when  the  mitral 
is  open,  and  lienco  a  narrow  mitral  ought  to  allow  less  regurgitance 
upon  the  lung  than  one  Avhicli  is  large. 

The  residt  of  any  valvular  injury  of  the  heart,  however,  must 
greatly  depend  on  the  strain  put  upon  the  organ,  and  hence  it  is 
probable  that  the  cases  referred  to  by  Clark,  as  without  evil  issue, 
%vould  be  relatively  more  abundant  among  pitients  in  the  higher 
ranks  of  society  than  among  the  inmates  of  hospitals. 

The  ill-effect  of  strain  of  the  systemic  muscles  will  lie  felt  in  any 
valvular  disease,  but  specially  so  in  aortie  regurgitation.  So  long  as  the 
circulation  is  tranquil,  the  ])atient  may  go  on  without  being  much 
inconvenienced.  The  moment  the  muscles  of  the  trunk  are  brought 
into  violent  contraction,  the  arterial  pressure  rises^  and  the  aortic 
'■  blood  consequently  recoils  with  sudden  impact  upon  the  interior 
of  the  left  ventricle,  thus  predisposing  to  dilatation  with  all  its  attendant 
disasters. 

*  The  mechaniim  of  thu  ia  ezplained  in  the  above  Section!. 
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Bkiroiir  (No.  289,  p.  71)  draws  attention  to  the  inncli  grwtar  < 
ndden  mptnro  of  one  of  the  aortic  cusiia,  as  compared  witb  '. 
prodace<l  by  diaeose.  Ha  qootea  B.  Foater  aa  placing  tha  limit  of  Ub  is  ncft  i 
at  four  and  a  half  yeara.  In  ordinary  aortic  diaeaae,  Balfour  tvckona  it  ••  I 
three  moatha  to  twenty-fiye  years  (loc  eit.  p.  84). 


Effects  of  Valvxtuir  Disease  ufon  thk  Abtsjual 
Blood  Pressure. 

535.  ExperimentaL — Many  theories  havo  been  held  on  tlii* 
ject,  all  more  or  less  unreliable  from  being  unsiipportod  by  expofiattt 
The  following  result*  have  been  obtained  by  injuring  the  Tahroi  m 
animals  and  measuring  the  pressure  at  difiTcront  parts  of  the  UMmi 
system. 

Method. — A  special  valvulotome  has  been  conBtruetod  hf  Kfebi  for 
the  purpose  of  injuring  the  valves.  It  is  puohod  into  Um  ri^ 
carotid  artery  in  order  to  reach  the  valves  of  the  left  sidn,  and  int* 
the  right  jugular  vein  in  the  ca«e  of  those  on  the  right.  The  pnann 
should  be  estimated  by  means  of  a  manometer  iutrnducctl  into  Um 
carotid  or  cnunl  arter}-,  and  into  both  simultjuieoiuiy.  The  MtttM 
up  of  an  endocarditis,  in  performing  the  operation,  aeeou  to  depena 
more  on  contamination  through  unclean  instromeota  than 
actual  injury. 

Cohnhuim  (Ko.  31,  i.  pp.  38,  39)  (bowed  that,  if  the  aortic  it  r«nilci«l  i 
incompetent  in  the  dog,  the  defect  haa  no  appreciable  iuflaenco  npcn  Uta 
Uood  preasure.  He  explains  this  by  suppoain^  the  heart  to  poaMW  attScimt 
nwryy  to  driro  aa  much  blao<l  into  the  aorta  aa  wli<<n  the  valva  ia  onh^jarad.  Wlaa 
the  aortic  ia  constrirteil,  the  same  nffeet  followi,  and  from  a  like  canaaL  Tha  bMit 
contracta  more  energetically,  and  hence  drives  through  the  narrow  orifliac  M  ■■dl 
blood  aa  would  be  propellnl  through  a  wider  orifice  by  one  contracting  feabljr. 

Roaenbacb  (No.  101,  Ix.  18*8,  p.  1),  employing  doga  and  rablrita,  tamk  ftik 
ertanaivo  deatruction  of  the  aortic,  mitral,  or  tricuipid  doea  not  lower  tlia  artnid 
preaaure,  indeed  a  alight  rite  usually  takea  place,  probably  owing  to  intnfcnnai  vilk 
the  heart's  action  in  performing  the  operation.  In  rabbits  whicli  were  allowad  to 
lire  for  different  perioda  after  the  valvea  were  rendered  inoomiMtant,  \h»  j/nmtn 
wu  atill  uninflaenc«d.  If  the  orifice  of  the  aorta  waa  narrowad  by  tltt  iairadaelia 
of  •  aound,  atill  no  eflbct  followed. 

Da  Jager  (No.  49,  1883,  ii.  p.  142)  haa  obtained  the  same  raanlta  ia  <li^  tka 
•ttl^ect  of  artificially  induced  insufficiency  of  the  aortic,  mitml.  oc  tilauiiid  ;  Ian.  ia 
rabbits,  a  Cdl  in  th«  arterial  blood  preann  waa  noUoad. 

It  may  legitimately  be  asked,  why  the  arterial  preaaure  dioiild  fall 
in  aortic  insufficiency.  Is  the  amoutit  of  blood  which  ngaxpMm 
into  the  ventricle  at  each  diastole,  sufficient  to  influence  th«  blood 
preaaure  all  over  the  body  t  If  not,  and  if  the  heart  can  tdll  coDteaot 
with  energy  enough  to  drive  the  blood  onwarrls,  and  to  •mpty  tba 
o»rity,  it  does  not  seem  quite  clear  why  a  fall  in  blood  preasure  aboold 
take  place.  If  the  ventricle  were  to  dilate,  tlicn  the  heart  woold  act 
at  a  disadvantage ;  but  if  undilated,  does  it  lose  in  propelling  poww 
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by  being  filled  from  two  sources  instead  of  from  one  \  The  arterial 
pressure  might  sink  slightly  during  the  diastole  of  the  ventricle,  from 
the  recoil  being  greater,  but  would  again  rise  during  ventricular 
systole,  especially  if  the  heart  contracted  more  vigorously  than  when 
the  valve  is  sound.  The  maximum  arterial  pressure  would  probably 
not  be  much  influenced.^ 


Influence  of  VALVtrLAR  Disease  of  the  Heart  on 
OTHER  Orgaks. 

536.  It  may  he  said  that,  practically,  any  valvtUar  lesion  occasions 
more  or  less  <listurbance  in  distant  organs.  The  disease  may  be  only 
functional  at  first,  but,  in  time,  induces  organic  lesions  accompanied 
by  atrophy.  The  organs  which  auS'er  most  are  the  lungs,  liver,  kidneyB, 
spleen,  stomach,  and  brain. 

The  diseases  following  in  the  lung'  are  chiefly  adana  and  congestion, 
brown  induration,  pulmonurij  iipo^lery,  brojichitis,  and  (icute  crtmpous 
pnfUTHonia. 

Pulmonary  phthisis  is  almost  unknown  in  a  person  who  has  been  the 
Bubjoct  of  valvular  disease.  Valvular  lesion,  however,  by  no  means 
infrequently  constitutes  a  complication  of  pulmonary  phthisis,  the 
endocarditis  which  causes  it  sometimes  being  tubercular  in  its 
natiu"o. 

The  liver  is  nearly  always  congested,  and  if  the  venous  regurgitation 
should  have  been  very  great  and  sufiiciently  protracted,  qiandic  atrophy 
of  its  substance  follows.  It  is  frequently  fatttj,  but  rarely,  if  ever, 
waxy.  Waxy  disease  of  an  organ  is  almost,  one  might  say,  excluded 
if  the  individual  sufler  from  valvular  disease.  Nor  does  it  tend  to 
become  cirrhotic.  The  toughness  of  the  typical  "  heart "  liver  is  not 
duo  to  excess  of  fibrous  tissue. 

The  kidneys  become  greatly  indurated  and  enlarged  {cyanotic 
induration) ;  the  medulla  is  deeply  congested,  and  the  Maljiighian 
bodies  are  rendered  prominent  from  the  same  cause.  Itecent  yellow 
embolic  infarctions  are  common,  and  the  depressed  cicatrices  left  after 
their  absorption,  are  oven  more  so. 

They  are  sometimes  cirrkolic,  but  not  often,  and  it  is  questionable 
whether  the  cirrhosis  is  due  to  the  valvular  defect ;  it  is  frequently 
the  result  of  eit^itricial  contraction  from  old  infarctions.  The  cirrhosis 
may,  in  some  cases,  be  traced  back  to  the  agent  which  brought  about 
the  endocarditis. 

The  statiatics  u  to  tho  frequency  of  cirrhosia  given  by  Dickinaon  and  Barclay 
■eem  much  too  high. 

The  spleen  becomes  enlarged,  extremely  firm  in  texture,  and  so 
congested  with  venous  blood  as  to  have  a  deep  purple  or  black  colour 
when  opened.     The  colour,  shortly  after  the  cut  surface  is  exposed, 
1  This  auly'cct  is  more  fuUy  cooaidered  in  Section  6S1. 
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Infarctiont  are  common,  and  to  we  Um  ckiUnM 


nm 


changes  to  a  scarlet, 
from  them. 

The  mucous  membrane  of  the  stomach  and  of  the  small  iotSStilK 
is  frequently  very  much  engorged,  and  in  a  stale  of  acute  or  nbacuti 
catarrh.     Punciijfortu  luTtiurrrluujfs  are  often  seen  upon  it. 

The  brain  is  sometimes  aiiruuken,  the  veins  filled  wiih  blood,  aal 
the  subarachnoid  space  distended  with  liquid.  This  otfjui,  liov«««, 
suffers  less  from  regurgitant  pressure  than  any  of  th«  brfori  nwtJoadL 
Sanyninti/us  apoplexy  occasionally,  although  not  so  oft«n  «•  Bliglbt  hi 
Buppo»ed,  constitutes  a  complication.  The  cerebral  arteriw  maj  U 
perfectly  healthy  when  the  heart  or  aorta  is  advanced  ui  atberoaalm 
disease.  EiiMisin,  as  would  naturally  be  expected,  hi  coibbwii.  Ml*' 
cially  as  a  sequel  to  endocarditis  rtrrv<X)S(L} 

The  capillaries  are  sometimes  seen  to  beat  rhjrthmicaUj,  and  tpr 
chronously  Hith  the  heart's  pulsation.  The  best  method  of  denoiMlfat- 
ing  the  phenomenon  (Brunton,  No.  179,  v.  p.  15)  is  the  foUoiiriag :— 
The  finger  nail  is  drawn  once  or  twice  up  and  down  the  middl«  ol  lb» 
forehead.  A  red  streak  is  left,  which  undergoes  ^'ariatiuiu  in  wjdtik 
and  brightness  with  each  beat  of  the  heart,  Bometimas  viaibla  at  % 
distance  of  from  five  to  six  feet  or  more.  The  eaoaoof  Um 
is  the  recoil  of  the  puke  wave  permitted  by  an  inauffldent  aortic 
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IxsxTffionmnr  or  mx  Valvbb 
ENOocARDrns. 


537.  Congenital. — The   valrea   are  sometimes   inauAoMBt , 

birth,  owing  to  malformation.  The  tricuspid,  when  diseaaed,  fi  wM 
to  bo  often  congonitally  so,  but  the  other  valves  ars  eqaaUj  liabla  to 
defonnity  from  this  ciiiisc. 

From  Rupture  of  a  Cusp. — Instances  of  ruiitura  of  a  vmf 
from  greiit  niusculLir  strain  have  been,  from  time  to  time^  reeotdad  in 
individuals  who  previously  did  not  exhibit  any  signs  of  andoearditiiL 
It  is,  of  course,  common  enough  where  the  valve  beoomea  lautially 
ulcerated  and  thus  weakened.  A  regurgitant  murmur,  notniilwaw 
musical  in  character,  is  heard  immediately  after  the  injury. 

From  Rupture  of  the  Chordae. — Improbnbl«  a*  it  might  at 

first  sight  nppoiir  to  be,  the  t-hordic  hitve  )>een  n^pcnlcdly  dcKnb«d  aa 
having  ))een  torn  across.  In  one  case  re[K)rtr><l  by  Kelly  (Nni  19S, 
XX.  1869,  }>.  153),  the  whole  of  the  chordie  attached  to  the  milfal 
are  said  to  have  been  ruptured.  One  cannot  help  feeling  tiiat  aona 
of  these  cases  might  bo  accounted  for  through  careless  examinatioa  of 
the  hearty  whereby  some  of  the  cbordti^  liad  bcon  accidentally  torn  ar 
otherwise  divide<l.  Mjiny  of  the  records  howovur,  ««om  to  bo  nliabia^ 
aa  blood  was  foiin<l  prccipitaU.<l  on  the  lom  ends. 

In  other  instances,  the  rupture  had  been  a  result  of  an  uloermtiva 

'  IIm  dtw !■  aboT*  retercd  to  an  daaeribad  ia  dsUll  cImwIiw*. 
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endocarditis  situated  on  the  tendon.  The  accident  is  alleged  to  have 
occasicned  insufficiency  by  alJowing  an  aversion  of  the  edge  of  the 
valve  during  systole. 

From  Failure  of  the  Base  Muscles  to  Contract. — 
Macalister  (No.  6,  1882,  ii.  p.  831)  alleges  that  this  prevents  the  atrio- 
Tentriciilar  cusps  from  duly  approximating,  and  henco  might  be  a 
■■Ourc«  of  insufficiency.     It  may  simply  be  of  temjwniry  duration. 

Spasmodic  Muscular  Contraction. — Irregidar  ami  sjiasmodic 
contraction  of  the  musculi  papillares  has  been  held  to  account  for 
certain  otherwise  inexplicable  so-called  dijnamic  murmurs  (Sect  580). 
The  theory  is  that  the  muscle  pulls  irregularly  upon  the  cusps,  and 
bence  renders  them  incapable  of  completely  closing. 

Disease  of  the  Muscle. — Where  tho  fibre  of  the  ventricle  is 
impaired  in  structure,  as  in  anwmia,  fevei's,  etc.,  tho  atrio-ventricular 
orifices  may  be  found  to  be  incompetent. 

Dilatation  of  Ventricles. — This  is  insisted  upon  by  Balfour 
^  being  a  fertile  cause  of  mitral  incomjjetency.  The  large  size  of  the 
cavity  is  said  to  prevent  the  cusps  being  accurately  applied  to  each 
other. 

Malformation  of  the  Valves. 

538.  The  semi-lunar  vidves  of  the  aorttc  and  pulmonary  artery 
orifices  are  sometimes  redundant :  as  many  as  four  or  live  have  been 
counted.  They  may  also  be  numerically  reduced.  Two  is  by  no 
means  an  uncommon  number. 

The  malformation  may  affect  the  cusps  of  both  aiteries  simukane- 
ously.  When  there  are  only  two,  they  may  be  of  equal  size,  and,  in  the 
case  of  the  at>rta,  a  coronary  artery  opens  behind  the  centre  of  each. 
Those  of  the  pulmonary  artery  need  not  necessarily  l>e  symmetrical 
when  the  aortic  are  so ;  the  aperture  may  bo  closed  by  one  largo  and 
by  another  small  flap.  There  is  sometimes  an  imperfect  septum  in  the 
centre  of  the  large  cusp. 

There  may  be  three  cusps,  but  these  so  united,  as  to  constitute  a 
continuous  diaphnigm-like  valve  \^^th  three  pouches.  In  other  cases, 
only  two  of  tho  cusps  may  be  adherent,  the  tliird  free.  Three  cusps 
may  also  be  present,  but  one  more  capacious  than  the  other  two. 
These  malformations  are  mostly  due  to  intra-uterine  endocarditis.  The 
dilatation  of  a  single  cusp  is  often  the  result  of  disease  in  extra-uterine 
life. 

Peacock  (No.  322,  p.  3)  regards  a  rciinndancy  of  the  valves  as  a  sign  of  uoder- 
developmeut  rather  than  of  over- development.  He  auppoaes  tliat  each  cusp  is 
dtvelopcd  in  two  parts,  which  subsequeutly  unite,  and  that  it  ia  tho  failure  to 

Bpkte  this  union  which  occasions  the  congenital  defect 

These  malformations  are  often  found  associated  with  malformations 
of  other  parts  of  the  heart.  They  may  cause  incompetence  or  con- 
Btriction  of  tho  respective  orifices. 
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The  cusps  of  the  tricuspid  are  aometimes  found  blended 
into  a  continuous  funiiel-«baped  membran&     As  formerly 
(p.  G 1 5),  the  three  cusps  are  perfectly  continuous  in  health.    Tlw  Tib« 
is  in  reality  a  continuous  fxmnel-shaped  8tructun\  and  a  !«•<  i 
tion  of  the  depressions  in  its  margin,  which  apportion  off  tlw  i 
TTOuld  bring  about  the  above  defect 

The  mitral  appear*  to  be  much  less  seldom  ''  '  t| 

the  aortic  or  pulmonary.     There  is  always  difficin 
between  intra-  and  extra-uterine  deformity  of  this  val^e. 

LUereUure  mi  Ual/ormatiunt  i/  Valvm, — ^Andrew  (PolllwmBry)  :  Tnaa.  Mk.1 
XTi.  ISes,  p.  SI.  Bari£  (Uuptun.  oxperimmul) :  Rev.  da  vtkA.,  ISSl.p.  pp.  IIS,  Ml 
BatweU  (Aortio)  :  Trmni.  Path.  8oc,  xili.  1882,  p.  (tS.  BerglMan:  Uttk.  Mrm  i. 
ttMouU.  ChordM  tcu(Un«M  n.  il.  B«<leutung  f.  i1.  Enctelsnag  Bonn.  a.  •Iiiiiwi.  B'« 
■cnuclie,  1870.  Bums  (Tricaipi<l) :  Brit  Mwl.  Jouni. ,  186(t,  L  ft  901.  CmnI 
(Trieiupid):  Med.  Rec.,  N.  Y.,  iv.  1879,  p.  57.  Carter  (rnlmonary) : 
8oc,  uir.  1873.  p.  48.  Coats:  Ulug.  Me<L  J.,  iv.  1881,  p.  S7t. 
(PolmoDAry) :  Tniu.  Ptth.  Soc.,  xriX.  1866,  p.  113.  Ebstein  (Triciupkl) :  Aid  I 
An&t.  PhfiioL  u.  winen.  Heilk.,  1868,  p>.  228  ;  SchuiKlt'i  J/tlirU.^  cxu*!  p.  91 
Greenfield  (Mitral) :  Tnuu.  Pkth.  8(x-.,  zxtIL  1876,  p.  128.  Jenaer  (FtdMM7l> 
Traoi^  Path.  8oc,  ill.  1851-2,  p.  801  ;  TW.,  iv.  1852-8,  p.  102.  MafMeo;  Wm  Htm 
Fall  Tou  Anomalie  d.  TrioupiiUlK  Kiel,  1886.  Normaa  ( PiilmoMtT) :  BriL  MA 
Joura..  1878,  it  ]>.  MO.  Peacock :  On  Mtlfonnatioa  of  the  Aartk  VUvmssOi* 
of  DiaeaM,  Bdin.,  1868  :  a/io  (Aortio),  Tnu.  Peth.  Boo.,  it.  1857-8,  p. «l  ;  il  ijll^ 
1850.  i,  p.  891  ;  al*},  Trani.  Path.  Bmu.  xxx  1879,  p.  'iii  i  IbitL,  xxjl.  isn^  |k  ffl. 
Struthera  (AortU):  Mouth.  J.  Med.  Se.,  xvU.  1853,  p.  271.  WUfca  (nilHiMqi 
Trmu*.  Path.  Soc,  x.  1858,  }<.  79. 


Carduo  Thrombi. 

639.  The  majority  of  clots  which  axe  found  in  the  heart  are  of  fut- 
mortem  origin.  They  are  large  yellow  masses  of  fibrin,  most  eiauMB^ 
occuppng  the  left  chambers,  and  often  extending  into  the  ptJnmaiy 
artery.  In  diseases  of  hyperinosis,  such  as  pneumonia,  tbry  an 
particularly  well  formed,  and  extend  into  the  small  btaachea  st  tht 
pulmonary  artery. 

In  leucocythsemia,  the  clota  have  agrayiah-yeUovpanikftiaipMi 
hi  pernicious  anzmia,  they  are  very  pale  yellow  in  cobar  ad  «ft 
in  U'xture.  In  pyxmic  and  septicxmic  states  of  the  bodf, 
tiicy  usually  have  a  grot-n  colour. 

These  can,  however,  Ix*  hanlly  regarded  as  thraotU,  Mling  tJum  il 
good  reason  to  lielicve  tluit,  in  must  cases,  they  are  precipitated  BJllMtr 
during  the  agony  or  after  de&ih.  It  is,  in  fact,  even  questiMttMs 
whether  the  clota  found  in  the  auricular  appet>da|;ee  can  be  regarded 
in  the  majority  of  cases  as  being  of  aiUe-moritm  origin.  In  all  the 
above  cases,  the  clot  lies  over  an  unabraded  surface,  and  ie  eedfy 
detached. 

In  malignant  endocarditis,  following  u]>on  delivery  or  oUmt 
septic  cauac,  polypus-iike  clot«  (cardiac  Jiolypi)  are  ofWn  fo«tnd  at- 
tached  to  some  part  of  the  endocardium.  In  some  caaes  tbry  have  a 
green  colour,  and  are  solid  throughout ;  in  others  they  contain  a  cyi^ 
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like  cavity,  and  are  more  or  less  rounded  and  lobulatod.  They 
occasionally  present  a  fleshy  aspect,  antl  are  partially  organised,  from 
the  underlying  tissues  having  been  puslied  into  them.  The  endo- 
cardium which  they  overUe,  will  be  found  almost  certainly  abraded ; 
and  micro-organisms  are  present  in  abiinflance  in  the  thrombus. 

Dickinson  (No.  192,  xiii.  1862,  p.  CO)  recorded  a  case  where  a 
thrombus-like  mass  was  found  closely  adherent  to  the  wall  of  the  right 
ventricle  and  extending  into  the  pulmonary  artery.  The  committee 
appointed  to  examine  it  pronounced  it  to  bo  syphilitic. 

LiltnUure  on  Cardiac  Tliromiotiti. — Bristowe  :  Trans.  Path.  Soc.  Loud.,  tU.  1865-6, 
p.  134  ;  llnd.,  «v.  1863,  p.  71  ;  /hid.,  xii.  1868,  p.  &0  ;  aUo  (CaHian  ConcretioDn), 
Reynolds' Syst.  Med.,  ».  1879,  p.  105.  Crisp  (Suiickn  Death  from)  :  IVaus.  Path.  Soc., 
x'liv.  1873,  II.  16.  Cruveilhier  (Pimileiit) :  Auat.  path,  du  <.orp»  ham.,  livr.  28,  pi.  iv. 
Dickinson:  Trins.  I'alli.  Soc,  liii.  1862,  ji.  60.  Douglas:  Rlin.  Med.  Jouni.,  liii. 
1868,  p.  908.  Ewart  (J.) :  Lancet,  1883,  i.  p.  188.  Ewart  (W.):  Trans.  Path.  Soc. 
xiix.  1878,  p.  5'2.  Ferraro  :  Biv.  cliii.  Bolo^a,  vi.  1886,  p.  801.  Fredault :  Archlv. 
gi*n.  de  taiiL,  liv.  18-17,  p.  63.  Goodridge  :  Practitioner,  xxx.  1883,  p.  412.  Gris- 
wold:  Traoi.  Ued.  Soc.  Penn.,  Phila.,  xii.  1878,  pt.  1,  p.  339.  Hayden :  Dul).  Qu. 
Joum.  Med.  Sc.,  xxiviii.  1864,  p.  440.  Jones:  Lancet,  1883,  i.  ji.  52.  Lejard : 
Progr^  m^d.,  x.  1882,  p.  107.  Macdonald  :  Lancet,  1883,  i.  p.  210.  Macnamara  : 
Laneet,  1878,  ii.  p.  7-  M'Kendrick  :  tilin.  Me.L  Journ.,  xv.  1869,  p.  .39(i.  Monard: 
Coiuid^tions  g^nerales  siir  hn  eoucrvtion^  sanguines,  etc.,  1867.  Parrot:  Arrh.  de 
Physiol,  nonn.  et  jwth.,  i.  1874,  p.  538.  Peacock:  Adventitious  Growth*  in  Heart, 
Reynold.*'  Syst,  Med.,  iv.  1877,  p.  165.  Poullet:  Recherche*  »nr  les  catllots  do  coiur, 
1866.  Ribail :  Proprai  med.,  xL  1883,  p.  lO.'ifl.  Richardson  (R.) :  Lancet,  1867,  ii- 
p.  641.  Schmidt  (Coucrction) :  I>eut.  nied.  Wochuwhr.,  xii.  1886,  p.  936.  Tait : 
Lancet,  1882,  ii.  p.  1004.  Thornton:  LAucel,  1883,  i.  p.  38.  Vadi :  De  la  mort 
rapids  par  thrombose  cardioqne  ilntiK  Ic  rhenmitiame  articulaire  aigu,  1874,  Verg^ely 
and  Ferrier :  Journ.  de  mid.  de  Bordeaux,  zUL  1883-4,  p.  290. 


Effects  of  Chronic  Disease  of  Particular  Orifices  upon 
THE  Size  of  the  Others. 

540.  The  general  imjiression  is  that  chronic  disease  of  one  or  more 
orifices,  in  course  of  time,  bus  ii  elf  trimental  influence  upon  the  size  and 
competency  of  the  others.  Ealfoiu-  (No.  289,  p.  181),  for  instance, 
holds  that  the  most  fn-quent  cause  of  serious  tricuspid  regurgitation 
is  mitral  stenosis,  hut  t!iat  great  obstruction  at  the  aortic  orifice  may 
have  a  similar  effect,  The  blood,  in  the  former  case,  is  hindered  in  its 
passage  onwards,  and  hence  tends  to  regurgitate  upon  the  right  side  of 
the  heart.  On  the  other  hand,  aortic  regurgitation,  although  a  fre- 
quent enough  disease,  is  anticipated  in  its  injurious  results  on  the  other 
orifices  by  its  own  peculiar  sources  of  mortality,  and  hence  it  is  only 
comparatively  rarely  that  aortic  regurgitation  gives  rise  to  serious 
tricuspid  regurgitation.  The  following  results  derived  from  the 
author's  own  observations  show,  among  other  things,  that  the  incom- 
petence of  the  unaffected  valves,  if  incompetence  there  be,  is  not 
caused  in  the  majority  of  cases  by  dilatation.^ 

'  The  same  means  of  ineajiiiTcnitDt  were  adopted,  and  the  ctatistias  were  derived  from 
the  po^-mcrtem  reronli  throngh  the  Mine  number  of  jeua,  m  in  the  caae  of  normal 
hauta.     (Cnup.  XXXVll.) 
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(A)  Pure  Aortic 

(1)  Jortic  of  Normal  Site  but  Intompet^nL 

541.  In  this  caso,  the  average  size  of  the  varioiu  orifiew 
following : — 

Aortic  Mitral  Pulm.  Artcrj'  Trie 

•99  in.  1'3  in.  11  in,  1-g  in. 

On  comparing  this  v.-ith  the  normal  raeaKurcments  pvon  at  |k  ilX  i 
would  thus  seem  that  in  simple  regurgitant  a«>rtic  without 
in  tbe  size  of  the  orifice,  the  effect  upon  the  bIm  of  ihe  other  orik* 
is  pnjcticttlly  nU. 

(2)  Aortic  CamiricUd  and  IneompdemL 


Aortic 
•76  in. 


Mitral 
1-3  in. 


PulnL  Artery 
11  in. 


1-7  in. 


Here  the  result  ia  very  much  as  in  the  foregoinj^  (ha  dfitei  apca  \ 
tricuspid  being  oven  less  than  in  it. 


(3)  Aortie  DUaUd  and  JnampetenL 


Aortic 
1-2  in. 


Mitral 
1-7  in. 


Pulm,  Artery 
1-2  in. 


2ia. 


The  result  is  difTerent  from  that  in  the  two  forrgoing.  Aa  wiO  la 
noticed,  the  effect  of  the  dilated  and  incomjieteut  aortic  haa  beta  tt 
induct  a  gmernl  disinisum  of  )tU  iht  ollur  irrijicrs.  Tlie  expliaitiH 
simply  ia,  that  the  wide  incompetent  aortic  allows  of  a  sudden  and  Ml 
regurgitation  of  the  arterial  blood  upon  the  left  ventricle  diving 
diastole,  that  is  to  say,  while  the  mitral  valve  is  open.  This  HtfftftHf 
reflux,  continued  for  a  sutiiciently  long  time,  induces  a  wtdaniag  oC  «B 
the  other  orifices,  from  the  constant  state  of  distension  in  whidi  tfas 
pulmonary  artery  and  the  right  dtambers  of  the  hmrt  ar«  rfifstasil 
The  more  constricted  tlie  aortic  becomes,  the  leas  will  tiiia  difvi* 
regurgitant  arterial  pressure  be  felt  by  the  sound  orifices.' 

The  records  did  not  show  a  single  case  in  which  the  aortk^  vba 
alone  diseased,  was  constricted  without  being  incoinpetaot.  Ths 
incompetency  was,  however,  sometimes  sUght. 


(B)  Pure  Mitral 

(1)  i^ilrai  Constrietid  and  HiempMmL 

542.  The  evil  effect  of  this,  which  ia  the  commonest  IsiiaB  of  Ikt 
mitniL,  u|x^)n  the  size  of  the  other  orifices  Im  inappredabis,  as  the  m^ 
compauying  figaros  testify : — 

I  Til*  mccbsniiiD  of  tl>«  artarial  ncoil  li  nplaiiMd  man  taOf  te  8MttOK  UL 
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Aortic  Mitral  Pulm.  Artery        Tricuspid 

•97  in.  -86  in.  M  in.  1-7  in. 

This  result  is  probabl}'^  to  be  explained  by  the  constriction  in  a  manner 
modifying  the  distending  influence  of  the  mitral  regurgitance  upon 
the  orifices  of  the  right  side. 

(2)  Pure  Dilatation  of  the  Mitral. 

543.  A  dilatation  of  the  mitral,  with  a  competent  and  otherwise 
healthy  aortic,  comes  to  pass  very  seldom.  The  author's  total  records 
of  the  examination  of  the  heart  in  persons  diying  from  all  manner 
of  diseases  show  only  seven  examples  of  this  lesion.  A  congenit- 
ally  large  mitral,  with  corresponding  enlargement  of  all  the  other 
orifices,  occurred  in  eleven  instances.  In  only  one  case  of  mitral  dila- 
tation was  there  evidence  of  endocarditis,  and,  in  this  single  example, 
it  was  of  an  acute  nature  and  of  septic  origin.  In  none  of  them  was 
it  noted  that  a  murmur  was  audible,  although,  from  the  necessarily 
brief  record  of  the  history  in  the  post-mortem  journals,  too  much 
reliance  should  not  be  placed  upon  this  statement. 

Passing  over  in  the  meantime  those  which  were  evidently 
congenital  enlargements,  or,  at  least,  in  which  the  orifices  were  all 
equally  dilated,  let  us  examine  the  effect  of  the  dilatation  of  the  mitral 
upon  the  other  orifices.     The  figures  are  the  following  : — 

Aortic  Mitral  Pulm.  Artery        Tricuspid 

1  in.  1-68  in.  1-27  in.  1-98  in. 

This  practically  shows  that  with  a  mitral  of  1*7  in.  diameter  the 
pulmonary  artery  and  tricuspid  corresponded  respectively  to  close  on 
1  -3  and  to  2  in. 

Most  of  the  subjects  unfortunately  died  from  limg  disease,  and 
hence  it  is  difficult  to  say  in  how  far  the  dilatation  of  the  right  orifices 
was  due  to  this  cause.  It  should  be  mentioned,  however,  as  support- 
ing the  belief  that  the  dilated  mitral,  in  reality,  was  one  of  the  chief 
factors  in  inducing  the  enlargement,  that  the  dilatation  of  the  right 
orifices  was  quite  as  great  in  those  cases  where  the  lungs  were  sound, 
or,  at  any  rate,  in  which  they  were  not  the  seat  of  disease  unconnected 
with  the  cardiac  condition. 


(C)  Aortic  and  Mitral  Combined 

(1)  Aortic  and  Mitral  both  Constricted,  Aortic  Competent,  Mitral 
Incompetent. 

544.  It  might  be  expected  that  the  orifices  on  the  right  side  would 
suffer  dilatation.  Such,  however,  as  will  be  seen  from  the  accompany- 
ing results,  was  not  the  case. 

vol-  I  2  s 
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Aortic  Mitral  Palm.  Artcr}-        Tricmpd 

■7  in.  1  in.  1*1  ia  1'6  ia. 

It  is  probable  that  the  constriction  of  the  mitrid  in  thiK,  aa  nadvolkr 
circumstances,  prevented  the  deleterious  effects  of  the 
through  its  orifice  being  felt. 

(3)  Aortic  and  Mitral  both  Ccnstrided  and  both  IneempdtmL 

545.  Tlie  measurements  were  the  following  : — 

Aortic  Mitral  Pulm.  Artery        Trieoi^ 

•8  in.  77  in.  108  in.  liJia. 

The  only  effect  upon  the  orifices  of  the  right  side,  be  it  • 
or  a  mere  coincidence,  was  that  of  rendering  them,  if  anything  >etiJy 
somewhat  smaller  than  those  of  the  average  healthy  lifurt.  molt  «pid- 
ally  as  this  class  was  entirely  taken  from  males. 

(3)  Aortic  of  Naturai  Sise  but  Ineompeteni,  itUral  ContiriM 
and  ItuompeUni. 

546.  Nearly  50  [>cr  cen  t  of  the  cases  were  female*,  ami,  M  vfll  Vt  tMtk 
the  effect  upon  the  size  of  the  orifices  of  the  right  side  vis  inapprtdAfe 

Aortic  Mitral  Pnlm.  Artery         TnciupkL 

'97  in.  '87  in.  11  in.  16  in. 

(D)  Tricuspid. 

547.  The  cases  of  tricuspid  disease  which  came  under  tlM  tttkt^ 
notice  were  unfortunat^'ly  all  combined  with  discaiic  of  the  Mt  QlilM^ 
and  hence  no  differential  conclusions  coidd  be  clrnwn  from  tbMB. 

SUMMARY  OF  THE  FoREOoINO  RESULTS. 

648.  The  preceding  data  lead  up  to  the  somewhat  remarkabU  eefe- 
elusion,  that  the  only  lesions  of  the  left  side  which  are  accompuiMi  \if 
any  a])preciablo  distention  of  the  otkiorwise  sound  orifices  ara  mww 
plicated  aortic  regiirgitancc  with  a  wid«  orific«,  and  uncompiiatsJ 
<li!atation  of  the  mitral.  In  the  former  of  these,  the  tlirra  nasMDiiif 
orilicfs  were  considerably  alH>ve  the  avemg<!  diameter,  aad  IB  tW 
latter,  Vioth  the  ])uhnanary  artery  and  tricuspid  wi-rr  distended,  wbile 
the  aortic  remained  of  natural  sixu.  As  regards  the  other  duHS,  il 
may  be  noted  that,  where  incompct<>nco  of  a  valve  was  accum|aiiieil  by 
constriction  of  the  orifice,  the  remaining  a])erturo8  were  not  senaililjr 
affected.  Tlie  legitimate  conclusion  to  dcaw  from  this  result  •ppooi 
to  be  that,  so  far  as  the  distension  of  the  other  orifices  of  the  ocgM  i* 
in  question,  constriction  of  an  incomjMstcot  orifice  exMta  a  salala^ 
influence  upon  them. 
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On  referring  to  p.  641,  it  will  be  found  that  constricted  aortic  and 
mitral,  where  both  are  incompetent,  occasion  great  hypertrophy  of  the 
right  ventricle,  whereas  we  have  just  seen  that  this  lesion  has  but 
little  influence  upon  the  size  of  the  right  orifices.  At  first  sights  this 
result  seems  somewhat  at  variance  with  what  might  be  expected,  but  it 
may  probably  be  explained  in  the  following  manner : — The  constricted 
aortic  and  mitral  will  prevent  such  a  direct  recoil  of  the  arterial  blood 
during  diastole  as  would  happen  were  they  of  natural  size  or  dilated. 
This  will  tend  to  keep  up  a  chronic  state  of  high  tension  within  the 
pulmonary  circuit,  rather  than  to  subject  it  to  sudden  exacerbations  of 
pressure.  Such  a  continuous  strain,  without  the  orifices  becoming 
much  enlarged,  in  course  of  time  will  induce  hypertrophy  of  the  right 
ventricle,  seeing  that  it  will  have  to  contract  more  energetically  in 
order  to  open  the  pulmonary  artery  valve.  Where,  however,  the 
aortic  and  mitral  openings  are  wide,  and  where  the  aortic  is  incom- 
petent, there  must,  in  addition,  be  an  instantaneous  recoil  of  the  arterial 
pressure  upon  the  whole  pulmonary  system  during  each  diastole,  with 
a  sudden  stretching  of  the  orifices.  The  result  most  probably  will  be 
that  both  distension  of  the  right  orifices  and  hyptertrophy  of  the  wall 
of  the  right  ventricle  will  follow. 
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Hyi'ertropuy  and  Dilatation 

ft49.  The  pathology  of  hyytertrophy  ia  bo  intimately  bound  op  irilk 
that  of  dilatation,  that  it  is  pnicticnil}'  imposgible  to  treat  ct  tte 
separately.  They  are,  of  course,  froinjeiitly,  although  not  «lir»n, 
combined. 

GENERAL  CAUSES  OF  HYPERTROPHY. 

These  may  he  divided  into  two  great  cluses,  rumcly,  (I) 
the  hypcitrophy  is  caused  by  valvular  disease ;  and  (2)  where  do  i 
complication   is   present,   but   whore   disease   of   the    kidnc^jii, 
other  distant  organ,  or  some  constitutional  aflectiori,  has  |irr^d«d 


ANATOMICAL  DESCRIPTION  OF  THE  HYPERTRoPHtED  HSJ 

The  hotirt  is  Itoth  elongated  and  increased  in  breadth.  The  tAoaf^ 
tion,  however,  is  perha]>s  tlie  more  constant  feature  of  the  two.  It  «• 
poses  a  greater  surface  anteriorly  than  when  the  organ  is  of  natarml  die. 
The  walls  of  the  ventricles  are  more  often  the  subject  of  it  than  tbam 
of  the  auricles.  It  may  sometimes  he  so  lar^c  as  to  rcM^mhlM  tk»  ImmR 
of  un  ox  (bukardia).     It  is  rare  that  one  ventriclt*  i  -  >pliMl 

without  the  othor  to  some  extent  partici|»ating,   altli'  ^'rojnr- 

tionatfly  so. 

Along  with  an  hypertrophied  wall,  the  canity  may  be  of  noraal 
size,  dilated,  or  contracted.  The  terms  simple,  ecceotftC,  and  con- 
centric hypertrophy  are  respectively  applied  to  the  oi;giii 
these  circumstances. 

The  iLsual  thickness  of  the  normal  lofl  ventricle  i  | 

its  apex,  and  k  in.  at  its  boae.     In  extreme  hyf)ertro]>ii^ 
fh>m  ^  to  }  in.  at  the  apex,  to  1 J  or  1  ^  in.  at  the  base. 

The  muscular  fibre  is,  as  a  rtde,  well  nourished,  hard,  and  ct  • 


in.  at 
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pinkish  -  gra}'  colour  when  first  incised,  becoming  bright  red  on  ex- 
posure. The  muficuli  paj)illiire8  and  cohiinnie  camese  generally  parti- 
cipate in  the  enlargement. 

It  is  probable  tbat  the  increase  in  Hbie  w  t'liirfly  iniiiK'ri<a^,  Zielooko  (No.  13, 
IjuL  1874,  )>.  29)  was  led  to  this  conclusion  from  the  utiidy  of  hypertrophy  of  this 
HiifB  lioart,  the  renult  of  ]iartial  ligature  of  tho  aorta. 

''  In  the  heart  of  the  frog  the  majority  of  the  fibres  are  branched  or  spindle-shaiK'J, 
and  highly  nucleated,  tiutweon  these,  however,  are  more  or  lesa  rounded  or  obtusely 
spiitdle-sha]ied  bmlicji.  They  represent  thr  youii^  inuNcnlar  elements,  and,  so  far  as 
known,  are  the  result  of  division  of  iirc-eiinting  juu-sculur  fibres. 

Theao  increase largtOy  during  the  time  that  the  livjuMtrojihy  is  proceeding,  and,  in 
tb«ir  tarn,  l>ccome  muscular  Gbrcs. 

Ilepp'ii  researches  (No.J304,  quoted  by  Selnocttti)  would,  however,  tend  to  show 
that  there  may  also  bo  a  slight  increase  in  their  size.  Taking  0  007  mm.  a.i  the 
ilianieter  of  the  normal  Iratnari  tibre,  he  ttwds  that  in  hypertrophy  it  may  come  <ip  to 
0  03  mm. 

The  nerves  were  said  by  Lee  (No.  305)  to  be  thickened  in  the 
hypertrophied  heart;  and  Cloetta  (No.  13,  v.  1853,  p.  274)  stated 
that  he  had  confirmed  this.  It  may,  however,  he  justly  doubted 
whetlier  such  is  of  invariable  or  oven  frequent  occurrence. 

Hypertrophy  and  Dilatation  from  VAUin-iR  Disease. 
(A)  Aortic. 

560.  Although,  in  tho  majority  of  aortic  lesions,  hypcitropby  of  tho 
left  ventricle  will  be  found  to  co-«xi8t,  yet,  as  Gairdner(No.  148,  xxiii. 
1853,  p.  211)  remarks,  there  is  a  capriciousness  nf.  to  its  presence  or 
absence,  which  is  hard  to  e.\plaiiL  ^\^lon  tho  aortic  is  experinietitally 
injured,  the  reserve  energy  of  tho  ventricle,  which,  as  shown  by 
Rosenbach  (No.  104,  ix.  1878,  p.  10),  is  considerable,  is  called  forth. 
It  coutracta  more  energetically,  and  does  so  until  new  muscular  fibre 
is  generated  in  sufficient  amount  to  compensate  for  tho  defect.  Dila- 
tation ensues  in  course  of  time,  and  is  followed  by  hyj)ertrophy  {lor. 
(•it.,  p.  12).  Balfour  states  (No.  289,  1876,  p.  71)  that  such  is  also 
the  seijnence  of  events  in  Man. 

Why  does  dilatation  take  place,  and  what  is  the  increased  ■work 
performed  by  the  heart,  calling  forth  the  hypertrophy  of  ita  fibre  1 

Let  us  consider  the  simplest  aortic  lesion  to  begin  with,  namely. 


(1)  AORTIC  JNCOMPETKNfJE  WITHOUT  CONSTRICTION  OR  DILA- 
TATION OF  THE  ORIFICE,  THE  MITRAL  BEING  NORMAL. 

551.  The  primary  and  immediate  result  here,  of  course,  will  be  to 
c^use  the  blood  to  regurgitate  from  the  aorta  during  ventriculiu- 
diastole,  so  that  the  cavity  is  filk-tl  from  two  sources  instead  of  from 
increased  strain  will  be  thrown  tipoti  the  cardiac  muscle  from 
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tbe  arterial  recoil,  and  there  will  b«  a  much  greater  tendenej  to  iSit^ 
tion  than  in  health. 

Arterial  Recoil. — The  blood  in  a  sound  heart  flows  {— iiilj 
into  the  ventricle,  at  least  during  the  first  8tag«  of  diactoU^  witkM 
receiving  nauoh,  if  any,  impulse  from  the  auricle.  The  latUr  coatmU 
as  it  is  becoming  emptied,  and  drives  the  n-  T  th«  bloojJMl 

of  its  cavity.    The  blood  must  therefore  ini]<:i  ~t  lh«tr«alnc^ 

wall  with  very  little  force  during  health,  nnd  hence  the  ttmn  wiB  W 
comparatively  slight.  It  has  even  been  said  by  Pclligrew  (So.  71, 
p.  115)  that  the  dilatation  of  the  rentriclo  is  a  ntal  act, 

In  simple  aortic  regurgitation,  however,  the  artariaJ  rccoQ  lawt  b« 
enormous,  and  it  occurs  during  diastole.  Rosenbach  (loe.  at^  p.  U) 
found  it  to  be  sufficient  to  induce  aneurism  of  the  apex  in  aotanli 
in  which  the  valve  had  Wen  artificially  destroyetl. 

Cause  of  Arterial  Recoil. — The  cause  of  th«  racoQ  U  antBj 
held  to  1k'  the  elasticity  of  the  arteruil  walls.  It  is,  however,  doabi- 
loss  erroneous  to  regard  this  as  the  only  cause  In  ettimatin^  tht 
factors  which  are  instrumental  in  raising  tho  blood  tiieiuis  Iht 
arteries  are  commonly  looke<l  upon,  as  if  they  were  a  «irric«  af  espand 
tubes.      In  realitj',  however,  there  is  no  part  of  the  bo  '  •rji  tlw 

arteries  and  capillaries  can  be  said  to  Ite  ex[)(>se<l.  inat  ap- 

proach to  it  is  in  the  case  of  the  capillaries  on  tlie  alveolar  walia  ni  tk« 
lung  ;  but  even  here,  they  are  connected  to  au  eminently  elaatio  tisMe, 
and  aro  covered  by  epithelium.  In  all  other  parts,  tbej  arc  \wmti 
down  by  tissues,  more  or  less  resilient  (yellow  elastic  fibre,  wUtt 
fibrous  tissue,  muscle,  etc),  whose  interspaces  are  filled  with  liqaL 
This  liquid  will  c()nse([ucntly  tend  to  ilifl'u'ic  the  clastic  praaeow  of 
the  tissues,  and  to  hind  it  to  thiit  of  the  arterial  wulL  Even  in  tbe 
abdomen,  the  tissues  are  all  so  intinini4>ly  and  niuturdly  contignoM 
that  tho  so-called  abdominal  cavity  may  )>c  regarded  as  noD-<nisye1 
Finally,  the  skin  and  the  immediately  subjacent  tissues  are  so  elaalic 
that  they  tend  to  complete  a  counterpoise  sufficiently  strong  to  raiirt 
the  expansile  efllbrta  of  tho  heart  transmitted  throughout  tbe  wbeb 
hotly  by  the  hydraulic  machinerj'  of  the  blood-vossols. 

Iloiiikr*  (No.  144,  i.  ]i.  172)  iveui*  to  luvo  b«Mt  tba  firnt  to  disv  siwao* 
to  thii  rrlAtionahip  of  tho  arterial  widU  to  tho  tlMtica  uncotniiaaaiof  tWo.  9* 
nyi :  "We  hare  pre«'ioualy  ipcn  that  th«  blooJ'nsMeLi  <lo  not  botf  tlM  mitm 
litood-prNSUr*.  Tlu'y  woiiM  lK"-Qm<!  m<>rv  citjisnclfiil  if  they  wots  not  MfiporlNl  ly 
Ui«  *ttrrouii<ling  timuv*.  Tut  of  th«  lilootl  pr^Mitre  U  szpsndad  upon  tJM  tlHBa 
*n<l  ttip  uutritivp  li>iuiila  which  bathe  thrni." 

SoniP  y«ani  niucv,  the  authur  rnilravounsl  (No,  5,  xiii.  1879,  JV  518;  sWi  ''* 
xxvti,  1891,  ]>.  385)  to  (liintuiixlratii  tho  liiijHirtani«  of  tli«  tnHornw  •urtrl 
flaatlc  rt>trtiou  of  thn  tiMiim  oii  tlin  procnaan  of  haaliiig  and  organiaatio& 

Luidcrrr  (Ko.  113,  1884)  hai  lately  gone  fully  into  the  matter,  tai  Its*  taaal 
c«rtain  throrie*  of  ilropiy  and  inllaiiimatioD  upon  it. 

There  cannot  be  much  doubt,  that  the  nibject  of  the  r<;lutt»iuiup  of 
the  elasticity  of  the  tissues  and  of  their  contained  liquids  to  the  cir- 
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culating  blood  is  one  of  the  most  profound  in  all  pathology,  and  is 
one  which  has  hitherto  been  much  disregarded.  \\e  have  been  in 
the  habit  of  attributing  variations  in  the  elasticity  of  the  arteries 
exclusively  to  modifications  of  the  arterial  wall.  It  must,  however, 
be  sufficiently  ostensible,  on  reflection,  that  as  the  arterial  and  capillary 
coats  and  the  surrounding  tissues  and  liquids  may  practically  be  re- 
garded as  continuous  and  as  constituting  one  texture,  any  modification 
in  the  elasticity  of  the  fibre  of  the  latter,  or  any  difference  in  the 
quantity  of  liquid  Ijing  in  the  interspaces,  must  react  upon  the  blood 
in  the  vessels  in  very  much  the  same  manner  as  the  arterial  wall 
itself. 

During  muscular  exertion,  moreover,  th<i  pressure  of  these  liquids 
will  be  increased,  and  will  constitute  at  least  one  of  the  factors  which 
vf\\\  go  to  raise  the  arterial  tension  and  augment  the  aortic  recoil. 

Effect  on  Ventricle. — AH  such  exacerbations  of  pressure  have 
to  Ix)  1)orne  by  the  ventricular  wall,  the  mitral  orifice,  the  lung,  and 
the  right  side  of  the  heart ;  and  the  larger  the  aperture  of  the  aort^i, 
as  previously  jrointed  out,  the  more  suddenly  will  the  returning  gush 
of  blood  impinge  u|)on  them,  and  the  greater  will  its  influence  for  evil 
consequently  prove.  The  mitral  orifice  and  the  orifices  on  the  right 
side,  as  already  demonstrated,  will  accordingly  become  unnaturally 
large,  and  the  ventricles  will  also  increa.sc  in  capacity. 

The  dilatation  of  the  ventricle  would  no  doubt  continue  bo  be  pro- 
gressive, were  means  not  forthcoming  to  withstand  the  undue  backward 
strain  brought  to  Irear  upon  its  interior. 

Counteraction  in  Hypertrophy. — The  provision  against  this 
uidimited  dilatation  is  to  be  sought  in  the  htp^rtrophij  of  ihf  musmilar 
Jibre.  The  ma.s.s  of  new  muscle  maintains  the  (oni-  of  the  heart,  like 
that  of  the  arteries  in  cirrhotic  Blight's  disease  or  other  chronic  affec- 
tion accompanied  by  a  high  arterial  pressure. 

Tonic  Function  of  Heart. — The  muscle  of  the  heart,  like  in- 
voluntary muscle  surrounding  other  cavities,  has  a  twofold  action.  It 
drives  out  the  contents  of  the  cavity  and  it  prevents  over  distension. 

It  is  otherwise  difficult  to  explain  how  the  heart,  I'ven  in  health, 
with  the  constant  filling  of  its  cavities,  does  not  in  time  l>ecome  dis- 
tended. The  heart  muscle  thus  seems  naturally  to  possess  a  tonic 
function  analogous  to  that  of  the  musculature  of  the  arteries,  and  this 
is  brought  more  especially  into  play  when  the  aortic  blood  is  allowed, 
through  insufficiency  of  the  valve,  to  recoil  upon  the  interior  of  the 
ventricle  during  diastole. 

This  tonic  function  of  the  heart  muscle  is  often  overlooked,  but 
must  be  one  of  very  considerable  importance. 

Gukell  (Ko.  179,  iv.  ])p.  116-118),  in  (uniming  up  the  results  of  hia  adrniraMe 
p«.per  on  the  innervation  ot  the  hmirt,  L-oDcKidea  tliat  muscular  tissues  exliibit  tliree 
modes  of  responding  to  stimulation.  Certniii  muscles  posseaa  essentially  the  power 
of  "tonic  cnntraction,"  others  the  power  of  "rhythmical  contraction,"  and  others 
that  of  "  rapid  con  traction." 
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The  striatfd  inim-le  of  vrrUbrala  is  chumctcriaed  by— 

RA|iidity  of  I'oiitraction  being  most  highly  drrelopvU  ; 

Tonicity  nj'limenUry ;  >n<l 

Rhythmic  action  still  more  rudiin«nuiy. 
Canlittc  jnuitcU  by — 

Rliytliniic  action  Wing  most  highly  d<<velope<l  ; 

Rapidity  of  contraction  well  markoil ;  and 

Tonicity  well  marked. 
Vnalrtped  wimrfc  by — 

Tonicity  being  inoKt  highly  develoiird  ; 

Rhythmic  action  well  marked  ;  anil 

Rapidity  of  contraction  moat  nidiiiicntAry. 

The  ventricle  probably  meets  the  increased  strain  to  wUch  ii  ■ 
subjected  in  aortic  regurgitant  disease  by  being  tkrown  ioto  •  nmm 
of  small  contractions  before  tlie  tnio  systole  commpnc<»,  hene*  pvaAlT 
the  jar  i^omctimcs  communicated  to  the  tinger  by  the  palM  in  tUi  bm 

of  valvular  disease. 


Fill,  lOS.— Tr*(-iii«  fHua  C*Mant)  IM  Anaru'  Rroiiaarr4TlOK,  i 
SBOoiriuav  WAirn. 


Miirey  (No.  34G,  p.  G79)  gives  a  curious  tracing  (}  ' 
caii>t id  arterj' of  a  person  who  suffered  from  aortic  insut; 
nuDibers  of  small  secomliry  waves  arc  seen  in  the  diastolic  |mr  ti  ifcs 
sphygmognun  and  during  the  i>eriod  of  rest  preceding  the  Teatrieikr 
contractioa  Ho  interjirets  these  as  a  consequence  of  contflKlkm  of 
the  auricle.  The  phenomenon,  however,  might  b«  explained  by  iJm 
suddenly  injected  aortic  blood  impinging  U]>on  the  wall  of  the  ygntrkil 
and  tiirowing  the  latter  into  a  series  of  spasmodic  contnctiaai  «f 
minor  import  before  the  true  ventricular  systole  comineoeecL 

Tonic  Function  of  other  Visceral  Muscles. — It  i«  iaiM 

probable  that  the  muscular  fibre  which  surrounds  any  hollow  viacasili 
the  body  subservos  the  purpose  of  maintainiug  the  tone  of  tlw  wyHk 
and  of  thus  preventing  ovvr-disU-nsiou  of  ita  c;ivity.  The  i"'**™'*' 
fibre  of  the  arteries  hypertrophies  wlien  umluly  great  disteiisiW  itiiii 
i.s  |)ut  ti]K>n  the  arterial  walls,  so  does  that  of  the  bronchi  ami  of  iht 
blmlder,  and  it  is  only  reasonable  to  supiKtae  that  the  heart 
hyi>ortrophies  utidcr  like  circumslunccs. 

Further  Overwork  of  Ventricle. — Such  being  oa«  cfi 
sources  of  overwork  to  be  perfonned  by  the  heart  in  the  leia 
at  present  contemplating,  let  us  next  consider  what  further 
strain,  if  any,  it  has  to  contend  against 

In  health,  the  pressure  of  the  blood  during  systole  baa  to 
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ior  to  tliat  of  the  blood  in  tlie  aorta  before  the  aortic  valve  Avill 
If  the  valve  is  destroyed,  and  if  the  oiifice  be  of  nutural  calibre, 
will  the  intraventricular  pressure  have  to  reach  a  higher  pitch  before 
the  blood  will  leave  it  to  ]),'VS8  into  the  aorta  ?  Obviously  not,  for  the 
arterial  pressure,  there  is  good  reason  to  believe,  remains  the  same  us 
Lefora  The  function  of  the  valve  is  only  ca]le<l  into  pliiy  during  the 
diastole  of  the  ventricle  ;  it  is  in  abeyance,  and  might  a»  well  be  absent 
during  systole. 

Roseiilioch  (No.  104,  ix.  1878,  {i.  1),  ouiployiug  dogs  uid  rabbits,  found  that 
•xtensive  destruction  of  tlie  aortic,  (nitral,  m  tricuspid  had  no  material  effect  in 
altering  the  artcrid  blood  prMSure.  lu  raliliits  wliich  wcro  allowed  to  livn  for 
UiRpivut  fwriodH  oft«r  the  valves  were  rendered  iii<.(»iiiiiot*iit,  tlio  arteriiil  [iresKure  was 
Btill  uuintluencod.  If,  luoreovBr,  the  oriliee  of  thu  aorta  was  iiarToweil  by  the  intio- 
dactioii  of  a  sound,  still  no  etrc(;t  followed. 

De  Jagcr  (No.  49,  1883,  iL  p.  142)  obtiiiiirnl  the  same  results,  in  dugs,  nfter  iusulli- 
ciencT  of  tbu  aortic,  mitral,  or  tricus|jid  had  bucK  aitilicinlly  induced,  but,  in  ralibita, 
nn  absolute  fall  in  the  arterial  preasuro  was  uotice<l. 

The  ventricle,  in  uncomplicated  aortic  regurgitance,  will,  therefore, 
)iot  have  to  work  unduly  hard,  in  order  to  compensate  for  increased 
ktorial  resistance. 

^Plt  might  possibi}'  act  at  a  disadvantage  during  systole  were  the 
cavity  dilated,  seeing  that  a  greater  mass  of  blood  would  have  to  be 
propelled  forwards  tlian  in  health.  On  the  contrary,  were  the  canty 
iiot  increased  in  size,  the  overwork  thrown  ujion  the  heart  wrmld 
chiefly  be  that  of  resisting  arterial  recoil  when  the  ventricle  is  dilating 
And  of  so  inaintidning  the  tone  of  the  organ. 

^HConclusion. — Th*  reoAl  of  llu:  arieritU  blood  uixm  Oit  interior  of  tin- 
Wbridf  is  one  of  the  vuiin  ohslades  U)  he  overcome  in  uncomplicated  umiic 
regurgitatue,  atui  corislilvtes  the  chief,  if  not  the  only,  increased  wurk  to  be 


1}  AORTIC  INVOMPETENCE  WITH  A  DILA  TED  ORIFICE, 

MITRAL  Normal. 

552.  Here  the  conditions  are  simp]}' an  exaggeration  of  those  in  the 
preceding.  From  the  fact  that  the  wide  orifice  will  permit  of  a  less 
imi>eded  arterial  recoil,  the  inijiulse  communicated  to  the  interior  of  the 
ventricle  by  the  sudden  reflux  of  blood  will  be  more  sudden  than  in 
the  former,  and  hence  the  strain  during  the  commencement  of  diastole 
•will  bo  greater.  There  will  be,  if  anything,  however,  less  difficulty  m 
Iiroitelling  the  blood  through  the  widened  orifice  during  systole  than 
befoi-c,  and  hence  increase  oi  prripeUimj  power  of  the  ventricle  would  be 
called  for,  only  where  the  cavity  was  much  dilated. 

Aa  a  matter  of  fact,  the  author's  statistics  show  that  the  cavities  of 
the  ventricles  are  not  so  large  as  in  the  foregoing  class  (3}  in.  for  each 
side  as  compared  with  4  in.  for  the  left  and  4|  for  the  right),  but  that 
.the  ventricular  wall  is  thicker.     It  may  possibly  be  that  the  wde  aortic 
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orifice  throws  so  great  a  strain  u|)uii  the  ventricle  that  the  anKk 
hypertrophies  Iwfore  diliitatioa  has  reached  so  high  a  pitch. 

Conclusion. — T/us  chief  oterteork  performed  by  tKt  ktmi  im  aviir 
refftiryiUilimi  mth  a  wide  orifice  is  in  keeping  up  the  Cane  rf  tke  fWrirff 

(3)  AORTIC  REOUROITAS'CE  WITH  A  COSSTRICTSD  "iUfVi, 
MITRAL  .\ORMAL 

533.  The  eflfect  o!  constriction,  over  and  above  the  inooopeUMt, 
will  he  Iwofol  J.  It  will  lessfin  the  arterial  recoil,  or,  at  anjr  nU^  »il 
permit  of  the  blood  reg\irgitating  less  HuJdenly  than  when  die  tetm 
is  wide,  and  at  the  same  time  it  will  tend,  by  narrowiag  the  oiitkl»  to 
render  the  diificulty  of  propelling  the  blood  forwudi  during  qnttib 
greater. 

By  the  former,  the  shock  communicated  to  the  interior  of  Ute  ta- 
tricle  will  be  less  than  where  the  orifice  is  wide,  and  hence,  pnAtUj, 
the  hj-portropliy  ought  not  to  be  so  great  aa  in  either  of  ih*  eikii 
preceding  forms. 

Ab  will  be  seen  from  the  following  tabulated  stAtement  of  the  cfarti 
of  aortic  disease  on  the  wall  (p.  635),  this  is  borne  out  in  fart.  TW 
constriction  of  the  orifice  will  thus  in  a  manner  com (tonaate  fcrtlw 
re^^urgitation,  and  diminish  the  hyjiertrophy  or  dilatation  whi^  wmii 
otherwise  follow. 

Tlie  constriction,  on  the  other  linud,  will  hinder  the  blood  fnm 
passing  out  of  the  ventricle,  and  will  tbijrefore  reflect  its  inflneooe  opna 
the  wall.  If  the  ventricle  eraptieiS  itaelf,  it  ie  elear  that  parr  a«tiB 
constriction  never  could  cause  a  dilatation.  If  a  rlist<!nded  boQow 
viscus  he  compressed  on  all  sides  from  without  inwards,  it  wiO  BCTW 
become  dilated.  It  is  during  the  diastole  that  dilatatioa  alone  can  W 
effected,  the  pressure  then  being  from  within  outwards. 

Of  course,  it  might  l>e  urged  that  the  ventricle  empties  itself  inca*- 
pletely  at  each  systole,  and  that  the  blood  tends  to  accumuUte  mlhSm 
it.  This  is,  however,  mere  theory,  and  may  well  be  called  in  qwti— ■ 
If  blood  tend))  to  accumulate  in  a  chamber  of  the  heart,  when  dats 
the  accumulation  end  f 

The  hypertrophy  in  this  lesion  should,  th  '  ■^olialjjr  betinea^ 

firstly  to  the  arteri:d  blood  n-gurgit.iting  <lui  J  ■•  lit,  and,  aeooadh. 
to  the  incrujvsed  eiforts  requirtxl  to  lie  put  forth  hy  the  heart  vil 
during  systole.  The  effect  t>f  the  regurgitanco,  however,  will  be  moM" 
fied  by  the  constriction,  and  hence  will  be  less  injurioos  tlun  vhci* 
the  orifice  is  full  sized  or  dilat*Ml.  The  sum  of  the  effects  of  butk  agtnli 
might  come  to  lie  very  much  the  same,  in  regard  to  the  oonditka  flf 
the  wall,  as  the  single  effect  of  a  dilat«d  incompetent  orifiee  or  eiwef 
natural  si/e. 

Conclusion. — The.  overwork  prrfonneil  by  the  krart,  whert  Ihf  mmHe  w 
ifuompflrnl  and  condrifird,  i*  luofoid,  n/imWy,  (I)  thai  of  ktepittf  wp  Ai 
tone  ofllu  rftitrifle,  and  {'!)  thai  of  dririny  (lie  Uood  tUroutjih  a  nam 
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COMPARATIVE  EFFECTS  UF  THE  FOREGOING  THREE  FORMS 
OF  AORTIC  DISEASE  UPON  THE  VENTRICULAR  WALLS 
AND  CAVITIES. 

554.  The  above  tliree  forms  of  disease  of  the  aortic  constitute  by 
far  the  largest  proportion  of  pure  aortic  cases.  As  previously  men- 
tioned ([K  624),  the  author  has  failed  to  find  in  his  records  a  single 
instance  of  simple  constricted  aoi'tie  without  the  valve  being,  after 
death,  incompetent^  although  sometimes  only  slightly  so. 

The  foUo^nng  table  gives  a  connected  view  of  the  influence  exerted 
by  the  three  forms  of  aortic  disease  just  referred  to  upon  the  walls 
and  cavities  of  the  ventricles. 


1.  Aortic  of  nonnnl  ilintn.  and  inroniiietent 
i.  Aortic  constricteil  and  ineompt'tunt 
S.  Aortic  dilated  and  ineomiwteut    . 

VKirrmiCLia. 

Walu 
(inuimuui  tMekneMX 

Lert. 

KigM. 

Ijftt. 

Hlght 

4  ill. 
H  „ 

4iiii. 
34., 
3J„ 

tin. 
i  .. 

+  Win. 
+  k   .. 
+  i   .. 

It  would  thus  appear  that,  whore  the  orifice  was  of  natural  size,  the 
left  ventricle  was  largest ;  that  it  was  of  medium  capacity,  where  the 
orifice  was  diluted  ;  and  that  it  was  smallest  where  the  orifice  was 
constricted. 

The  thickness  of  the  wall,  however,  it  will  bo  noticed,  was  greatest 
where  the  orifice  was  largest^  least  where  it  was  of  natural  size  or  con- 
stricted This  is  exactly  what  would  he  expected,  reasoning  on  the 
data  before  mentioned.  The  greatest  arterial  recoil  takes  place  with 
the  dilated  aortic,  the  least  with  the  constricted.  Iti  the  case  of  the 
constricted,  however,  the  impediment  to  the  propulsion  of  the  blood 
constitutes  an  additional  cause  of  hypertrophy,  and  hence  there  IB 
good  reason  for  the  wall  being  as  thick  as  the  figiires  show  it  to  be. 

We  have  previously  seen  that  the  dilated  aortic  regurgitant  also 
exerts  the  most  injurious  distensile  eflVct  upon  the  other  orifices,  and 
there  is  little  doubt  that  this  form  of  valvular  disease  is  one  of  the 
most  disastrous  to  which  a  heart  c^iti  ]*e  subjected.  The  more 
suddenly  the  defect  is  brought  about  the  greater  the  danger,  It  is 
accompanied  to  a  larger  extent  than  any  other  cartliac  lesion  by  the 
evils  which  follow  in  the  train  of  free  regurgitant  arterial  pressure 
applied  during  diastole. 

COEXISTENT  DILATATION  OF  RIGHT  VENTRICLE. 

555.  Gairdner,  a  good  many  years  ago,  remarked  (No.  148,  1853, 
p.  218)  "that  ho  had  never  seen  an  instance  of  hypertrophy  affecting 
the  left  side  alone."     In  spite  of   what  less  accurate  obser\er8  fre- 
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quently  assort  to  the  contntr}',  there  U  much  truth  in  thia 

And  not  only  does  it  hold  good  of  hypertrophy  of  the 

walls,  but  may.with  almost  equal  force  be  applied  to  diktattoo  o{  tks 

cavities. 

From  the  foregoing  statistics  of  nortic  diaeMO,  it  will  be  polaMi 
that  the  size  of  the  right  ventricle  hud  adTsnocd  •fanoat  fan  jtm 
with  that  of  the  left,  and  indec<l,  in  one  case,  had  orvr-tvacM  it 
There  was  also  a  certain  correspondence  in  Uie  thickntoa  of  tW  nJt 
of  the  right  ventricle  as  comparoii  with  that  of  the  left. 

The  coincidence  of  a  dilaurd  and  hy]>ertrophied  8tat«  of  tlw  ri|lH 
ventricle  with  a  similar  condition  of  the  left  ia  p«rhapa  to  b 
accounted  for  by  the  regurgitant  arterial  preaaure  on  the  Ml  ik 
influencing  the  whole  of  the  mechanism  of  the  right 

CA  USE  OF  HYPERTROI'HY  OF  MUSCVU  PAPILLAMSK 

The  musculi  papillarcs  probably  act  as  a  stay  upun  the  rain  la 
which  they  arc  attached,  and  thus  prevent  everaion  durioj;  a^itoia 

Puttigrew  (No.  78,  p|>.  278,  380)  dMcrihtw  thii  cwpi  of  the  mitrd  w  ((rhig  •■l>4 
op  iluring  the  ventricutM  diftstolr.    During  systole,  liowiTer,  V  '    •  tloavi 

by  the  action  or  the  vontriclo  into  spiral  columnc,  auJ  t\ri«t«  ti  -ickiAWs 

while  the  mnsculi  (lapillftrt'*  ilng  them  dowawKnl*. 

S«e  (Na  4,  L  18*4,  p.  652)  believes  thtt  the  iiapillary  moacW  OMtfact  tt  Ik* 
MUM  time  aa  the  ventricle.  They  tighten  tlte  chorJot  and  |iaU  tlM  taaf»  4a«ft. 
The  left  cuip  of  tlie  initml  plays  iiiucli  tlie  more  octirc  lurt  in  cloraic.  1i«t  t&«  tiiAt 
U  not  unemployed. 

The  musculi  might,  accordingly,  be  expected  to  hypertr"; 
the  aortic  orifice  is  constricted,  for  here  the  incrdsaed  «fr<'i-.  :>•._  i.  ■■ 
to  propel  the  blood  through  the  orifice  would  also  nsact  opoo  tiw 
mitral  ctups,  luid  tend  to  force  them  upwards. 


EFFECT  OF  FILLING  OF  THE  LEFT   VEyTRICLK  FRCtM 

TWO  SOUIiCES. 

56  C.  As  the  left  veutricle  ia  filled  both  from  the  aorU  uhI  fnm 

the  auricle  in  aortic  regurgitation,  it  follows  that  there  moat  be  a 
mixing  of  the  blood  from  the  two  sources  of  supply  vitlitii  Urn 
chamber.  The  gross  effect  will  be,  of  course,  to  leaaen  the  UDonnt  <l 
Krated  blood  [Hissing  from  the  lungs  into  the  aorta  and  apteoM 
arteries. 

The  propoilion  in  which  the  auricular  and  aortic  blo<"]  in 

interesting    and   as    yet    undetermined    quesliou.       The    y     _  (>al 

pressure  within  the  pulmonary  artery.  a«  compared  with  that  id  ika 
aorta,  has  Iwen  variously  estimated  at  2  :  5  or  1  :  3.      Tho  pr^^^<r» 
within  the  pulmonary  veins  is  considerably  Io«8,  while  that  witi 
auricle,  at  least  towanis  the  end  of  auriculiu-  systole,  ia  again  nitr   . 
increased  but  still  conai<lurably  below  the  pressure  of  the  Uood  "/h  n 
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the  aorta.  The  result  must  therefore  be,  that  more  blood  will  rcjirur- 
gitate  from  the  aorta  tlian  will  pass  into  the  ventricle  thronj^h  the 
auriculo-veutricular  opening.  The  aiiritnlo-ventricular  ojiening,  how- 
ever, is  larger  than  the  aortic,  ami  hence  there  might  he  le-ss  obstacle 
to  the  free  passage  of  the  auricular  blood  than  to  the  rogiirgittition  of 
the  systemic. 


I 

1 

I 


PREVENTION  OF  RECOIL   UPON  THE  LUNG. 

5.57.  The  pulmonaiy  veins  arc  without  valves,  and  the  regurgita- 
tion from  the  iiorUi  occurs  during  diastole,  hence  at  a  time  when  the 
auriculo-ventricular  orifice  is  open.  It  might  a  jmori  be  ex|)ected  that 
if  the  pressure  within  the  aorta  bo  greater  than  that  in  tlie  auricle,  its 
injurious  influence  would  be  brought  to  hear  directly  upon.  tFic  lung. 
Such  is  ofteti  the  cjise,  but  not  always.  It  is  a  well  known  tact  that 
individmvls  with  aortic  disease  fretjucntly  know  nothing  of  it  until 
they  are  examined  for  life  itisuraoco  or  for  some  other  reason. 

The  absence  of  injurious  effects  might  be  accounted  for  by  the 
pulmonary  veins  rhythmically  closing  as  the  auricle  begins  to  contract. 
If  some  provision  of  this  kind  ivero  not  present,  it  is  difficult  to  see 
how  the  circulation  could  continue  for  any  length  of  time. 

If  the  orifices  of  these  vessels  do  close,  then  it  ia  possible  to  con- 
ceive that  the  hypertrophted  ventricle  keeps  up  the  tone,  and  that, 
with  each  systole,  a  blood  composed  say  of  two  parts  aortic  and  one 
part  auricular  is  propelled  forwanSs. 

This  might  naturally  be  supposed  to  occasion  such  an  under- 
oxygenation  of  the  blood  that  the  system  woukl  materially  suffer,  and 
it  does  so  in  certain  cases.  It  must  be  remembered,  however,  that 
if  the  blood  be  delayed  in  its  pas-Siige  through  the  lung,  provided 
the  bronchi  and  air-vesicles  are  unobstructed,  it  becomes  ln/jtnv.rif- 
geiutttd.  Hence,  although  the  fresh  blood  from  the  lung  circulates 
less  freely,  yet  its  haemoglobin  may  coiituin  so  nmch  cxygen  as  in  a 
manner  to  compensate  for  the  defect. 

If,  moveover,  the  auricle  were  to  hypertrophy,  the  blood  would  bo 
driven  into  the  dilating  ventricle  with  impetus  sufficient,  in  a  mauuer, 
to  equjilise  or  exceed  that  caused  by  the  arterial  recoil. 


Landoi/i  (No.  32,  i.  p.  80)  remarks  tliat  liypertro|)hy  of  tlio  left  auricle  occurs  tut 
K  result  of  aortic  insufficiency  "  because  the  auricle  lias  to  overcome  the  continual 
aortic  pressure  within  the  vontriclc."  As  a  matter  of  fact,  it  will  bo  fuunti 
that  hypertrophy  of  the  wall  of  the  left  auricle  in  this  diseaiM!  is  not  of  common 
occurrence,  but  that  the  cavity,  as  a  rule,  is  slightly  dilated.  The  dilatation  is 
not  so  extensive,  however,  as  when  the  aortic  rcgurgitajicc  is  complicated  with 
mitral  incoin|>ctenco  and  stenosis,  for,  under  these  circumstances,  tlie  forces  tendiuj^ 
to  dilat43  the  auricle  are  of  a  threefold  nature,  In  the  first  place,  there  is  the 
arterial  recoil  during  ventricular  diastole  ;  in  the  second,  the  hindrnnco  to  the  free 

E"  blood  from  the  auricle  into  the  ventricle,  owing  to  the  constriction  of  the 
entricalnr  orifice,  also  occnrriug  during  diastole;  and  in  the  thinl,  the 
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regurgitant  «y*tolic  im|ietns  convejred  to  the  suride  iJnriug  •y»tol«.  TWaaniiiii 
this  form  of  tliaeuo  will  be  found  to  be  lar^r  thui  in  anjr  otluv,  wUi  ik  |Mi 
mitral  iliaeasc  it  is  luually  of  medium  ca[]acity. 

Hypertrophy  of  the  auricles  does  not  follow  leiion  of  tlM  oriAn 
with  the  same  facility  as  that  of  the  ventricles.  H«nc«  the  AhBamtl 
conditions  of  pressure  arising  from  valvular  disuae  will  b«  fouifl  hi 
leave  their  record  oftener  in  uiiricuhir  diUtntion  than  in  jm  inacuaJ 
thickness  of  wall. 

(B)  Mitral. 
(I)  MITRAL  INCOMPETENCE  WITH  STENOSIS,  AOXTK  NOILilAL 

658.  In  this,  which  is  the  usual  form  of  mitral  dtsoMC,  it  m>|;h 
theoretically  be  expected  that  the  tendency  to  hyperu-uphy  and  dilate 
tion  of  the  left  ventricle  woidd  be  less  than  in  aortic  iucompeteott. 
There  is  no  arterial  rebound  upon  the  vcntriculHr  wall  duriiij;  diulcik. 
and  from  the  narrowing  of  the  mitral  orifice  the  blood  will  be  iapohd 
in  its  How  from  the  auricle,  and  hence  might  not  reach  the  ventrid*, 
even  with  such  force  as  is  imparted  to  it  in  health. 

There  is,  however,  a  cause  for  hypertrophy  in  this  caw  wittdi  ■ 
absent  in  simple  aortic  disease.  The  incompetent  mitral  aUo««  pit 
of  the  ventricular  blood  to  recoil  during  systole  u|x>n  th«  left  aoricK 
and  this  will  naturally  tend  to  weaken  the  impulse  commaniealcd  M 
the  systemic  vessels.  The  ventricle  will  thus  have  to  work  hardir  h 
order  to  keej)  tip  the  arterial  pressiue. 


Artificial  destructiou  of  the  mitral  in  an  othrrwiac  healthy  animal,  •• 
remarked,  does  not  cause  a  fall  in  arterial  blood  |irraaare,  probably  tpcm  dw 
contracting  more  vigoroiuly,  and  fruni  the  ojieniug*  of  the  pulmonary 
•nllicirntly  to  limit  the  regurgitant  etfecta  to  the  aurii:in. 

It  is  very  unlikely,  however,  tiiat  the  oriflcca  of  these  r»M«U  WobM 
the  dilatiuf;  influence  of  this  regurgilanro  for  long.  There  ia  crary  p— >»tHIHT  *Vll 
if  the  thin  wall  of  the  auricle  became  dilattid,  they  wanld  alio  wUca,  toA  tkw  aftM 
of  the  iniluenca  of  the  ventricular  systole  being  felt  by  tha  whob  fmliWMij  dnri^ 
tion  as  far  back  as  the  pulmonary  artery  orifio«. 

The  result  ought  to  be,  as  the  following  figures  show  i«  the  emt, 
tliat  this  lesion  of  the  mitral  induces  slight  by]>ertro{>b/  o(  Uk*  wa&  if 
the  left  ventricle. 


Mitral  constricted  and  incvropelent 

Vcanuctsa. 

^    .    Waty               1 

■ 

un. 

BlCkt. 

UO. 

Ufte 

-f  Zi  in. 

+  »iia.    '        Ito.    1        lia 

liosenstein  (No.  206,  vi.  p.  1 26).  remarks  that,  in  lii 
the  left  ventricle  is  so  small  as  compared  with  the  >i:^: 
it  looks  almost  like  an  apj>endage  of  the  ktter.     Tha  aborv  figoi*  it 
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not  entirely  support  this  statement  The  difference  in  the  dilatation 
of  the  two  caviti^,  as  will  be  noticed,  was  comparatively  slight,  and 
there  was  no  appreciable  hypertrophy  of  the  right. 


(2)  MITRAL  DILATED,  AORTIC  NORMAL. 

559.  This  being  a  rare  condition,  and  not  always  accompanied  by 
regurgitation,  it  is  difficult  to  say  what  its  actiuil  effects  might  be.  The 
large  mitral,  of  course,  if  incompetent,  would  allow  a  still  greater  reflux 
than  in  the  foregoing.  The  combination  of  a  dilated  mitral  orifice 
with  any  amount  of  incompetency,  must,  however,  be  looked  upon 
somewhat  in  the  light  of  a  pathological  curiosity. 

The  following  figures  may  be  taken  for  what  they  are  worth : — 


Mitral   dilated,   but  doubtful 
whether  incompetent 


VKNTRICLEa. 

*  Walls 
(Haxiiiium  Tbickneu)i 

Lett 

Right. 

Uft.             night. 

3J  in. 

4  in. 

+  i  in.     1      tV  in. 

(3)  MITRAL  CONSTRICTED  AND  COMPETENT,  AORTIC  NORMAL. 

560.  This,  as  previously  indicated,  is  also  a  rare  lesion.  The  com- 
monest cause  of  it  is  the  projection  into  the  funnel-shaped  valve  of 
v^etation  or  calcareous  masses,  tumours,  etc.  In  other  instances, 
the  margin  of  the  valve  is  alone  contracted  without  the  valve  being 
converted  into  a  leather-like  structure,  a  condition  which  apparently 
is  compatible  with  the  valve  closing. 

The  efiects  of  such  a  lesion,  of  course,  would  be  to  hinder  the  blood 
in  its  transit  from  the  auricle  to  the  ventricle,  unless  the  auricle  com- 
pensatorily  hypertrophied  to  drive  it  onwards  with  increased  force. 


(C)  Aortic  and  Mitral  combined. 

(1)  AORTIC  AND  MITRAL  BOTH  CONSTRICTED  AND  BOTH 
INCOMPETENT. 

561.  The  heart  under  these  conditions  may  be  regarded  as  a  rhyth- 
mically contracting  tube  unprovided  with  competent  valves  at  either 
end.  The  systemic  arterial  supply  thus  becomes  dii'ectly  continu- 
ous with  the  pulmonary.  They  form  one  set  of  vessels  Mrith  this 
rhythmically  contracting  chamber,  the  mutilated  auricle  and  ventricle 
between  them.  The  scheme  of  the  circulation  in  fact  comes  to 
resemble  that  of  the  fish.  There  is  one  auricle  and  one  ventricle  (the 
right),  with  a  vessel  (pulmonary  artery)  conducting  to  the  lungs,  vessels 
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conveying  tlip  blood  (pulmonary  Veins)  to  a  jmlutilo  veaavl  >"•  if  iir,:. 
(the  left  auricle  and  ventricle),  tbcucu  to  the  syBtemie  arteri'  • 

Effect. — The  ultimate  result  must  of  course  be,  that,  .iir.-:;  > 
tricular  diastole,  the  pressure  within  the  pulmonarj  voaa«ls,  ^  Ui  i-^i. 
as  the  nearest  obstruction,  i.f.  tho  pulmonary  artery  orifice  will  tad 
to  be   equalised  with  that  in  the   systemic  artGriea.      In  fact,  if  tb 
mitral   fails  to  close,  and  if  it^  niKsrture,  altliough  narrotr, 
larger  than  the  constrictetl  aortic,  as  usually  ha|"    ^  r* 

bloo«l  ought  by  preference  to  pass  iKtckwunJs  tiin>u_  .  iitnU  trntw! 

of  forwards  into  the  aorta.     The  lung  would  thus  have  unput>- 
vessels  actually  more  of  the  ventricular  energy  than  is  oxpri-i*,- 
the  systemic  arteries,  the  only  counterbalancing  agvnt  bti 
monary  blood  which  is  being  driven  in  the  opposite  ilii»< 
right  ventricle. 

The  Pulmonary  Capillaries  wouUl,  moreover,  hare 
each  ventriculur  .systole,  l)<)lh  the  ])re89ure  im]>arte«l  to  tl 
right  ventricle,  and  that  due  to  regurgitation.      Tlicy  am  ooi  #*<■ 
free  from  injurious  over-presstiro  during  ventricular  dijwtole,  becaoM 
they  are  then  subject  to  tho  luckwanl  recoil  of  the  whole  MltiU 
system. 

It  cannot  l>c  a  matter  of  wonder  that,  nnder  tho  cimuMtaKM,  iIm 
delicato-wallod  capillaries  of  the  lung,  ctitirely  nnsupjiorted  as  tliejan 
on  one  side,  should  become  convi^rtMl  into  hug«  nirva»-like  nnnL 
They,  in  fact,  have  to  sup|>ort  from  three  to  five  timeji  the  praaam 
they  were  originally  intended  to  bear,  and  it  is  only  heauitu  thty  m$ 
so  elastic  that  tho  effects  of  this  do  not  prove  lo  be  more  iliraeliiw 
than  tht'V  are. 

Limit  of  Regurgitance. — But  where  d<Ki«  this  regargitmat  cAect 
cease  t  Thuoretically,  it  ought  not  to  lie  felt  licyond  the  next  kxl; 
that  is  to  8*7,  beyond  the  orilicti  of  tJiu  pulmonary  artery,  prmriied 
that  the  vidvo  of  this  vessel  romuinji  cum))etcnt.  Thr  orific*  it 
ver}'  rarely  alttired  in  size,  and  incom|Mit«ncy  of  the  cu»]i*  U  •  tkiag 
almost  luiknovrn.  The  sharpness  with  which  they  can  b«t  beuii 
to  click  together  in  such  a  case  is  c>'idcnce  of  their  timely  aiMi  oftca 
premature  closure,  How  do  the  organs  on  the  right  side  of  lb«  beMt 
tlierefui-e  come  to  suffer  I 

^^'e  have  8c<>n  (p.  (i26)  that,  in  the  majority  of  valvular  Icaona  of  tW 
left  ><ide,  the  tricuspid  and  pulmonary  artery  orifiees  txt  not  alt#nd  in 
diameter.  It  might,  accordingly,  well  bo  argned  tkat,  ao  long  m  tW 
pulmonzuy  artery  orifice  ia  competent,  this  regurgitant  preasurv  impnttd 
to  the  lung  could  not  powibij  affect  the  orgUM  fuither  back.  Tec 
pulitntion  may  Iw  felt  and  soon  in  tho  jugnlan  and  in  the  liver  ia  mA 
CO-M'*  with  I'ViTV  vcntricuhir  systole. 

Hypertrophy  of  Right  Ventricle. — TIic  right  rentriele  wiD 

undoubtedly  hnvo  more  to  do  in  such  a  case  than  in  hnlth,  bocaoM 
U'rore  the  sigmoid  cimps  will  relax,  the  pressure  of  the  blood  witUs 
the  right  ventricle  will  have  to  rise  superior  to  that  in  the  {luli 
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artery.     Its  muscular  fibte  will  therefore  tend  to  hj^jiertrophy  as  the 
•ccompanying  figures  show : — 


Aortic  and  mitral  both  conatnc- 
ted  ami  both  incompetent. 


VmrrucLZit. 


Left 


Right. 


3i  in. 


Walu 

(Uucimmn  Thicknen^. 


Loft, 


Right. 


+ 1  in.         +i  ill 


When  this  hypertrophied  muscular  fibre  contracts,  the  blood  Tfrill  press 
injuriously  against  the  tricu.spid  valve.  This  valve,  »t  no  time,  is  per- 
fectly competent  in  Man,  anil,  when  increased  strain  in  thus  put  u[ion 
it^  it  will  become  nuich  less  so  than  it  is  naturally.  Hence  Lbod  will 
regurgitate  and  cause  the  pulsation  and  other  injurious  effects  so  com- 
mon in  such  eases.  The  amount  of  evil  occasioned  would  thus  be 
proportionate  to  the  extent  of  the  hypertrophy  of  the  right  ventricle, 
Bud  hence  the  great  diversity  noticed  in  regard  to  the  state  of  the 
liver,  kidne)',  and  other  organs,  in  various  forms  of  valvular  heart 
^bction,  may  be  accounted  for.  In  some  instances,  there  is  mere  con- 
^PStion  of  these  organs,  in  others  not  even  tliis,  while,  in  yet  others, 
they  have  suffered  extreme  atrophy. 

An  emphysematous  lung  may  cause  hy[)crtrophy  of  the  right  ven- 
tricle, accompanied  by  the  same  regurgitant  effects  in  »Ustant  organs. 

The  injiuy  is  inflicted  during  the  systole  of  the  right  ventricle.  It 
is  while  the  contraction  of  the  walls  of  this  chamber  is  occurring,  not 
while  they  are  in  a  state  of  rehi.ication,  tlmt  the  destructive  backward 
impulse  is  conveyed  to  the  large  veins,  rendering  their  valves  incom- 
petent. 

If  the  ventricle  failed  to  empty  itself,  and  if  distension  of  its 
'  cavity  were  thereby  occasioned,  the  tendency  to  render  the  tricuspid 
incompetent  would  be  increased.  AVe  do  not  know,  however,  whether 
the  ventricle  empties  itself  or  not. 

It  must,  moreover,  be  remembered,  that  mere  distension  of  the  right 
ventricle  wouhl  prol>ably  never  induce  a  tricuspid  regurgitation,  if  the 
pressure  within  the  pninmiiary  vessels  remained  normal ;  because  the 
blood,  even  from  a  tlistcnded  ventricle,  would  by  firefercnce  run 
through  the  pulmonary  artery  rather  than  backwards  tlu-ough 
the  tricuspid.  Where  the  pressure  within  the  pulmonary  artery  is 
above  that  of  health,  the  ventricle  must  contract  more  energetically  to 
lift  the  pulmonary  artery  lock  ;  and  even  after  this  hius  been  accom- 
plished, it  will  continue  to  be  opposed  by  this  over-pressure  during  the 
jvhole  time  the  valve  is  open.  This,  in  course  of  time,  it  is  only  reasonable 
to  believe,  must  react  injuriously  against  the  tricuspid  and  add  to  its 
natural  incompetence. 

Conclusions.  —  The  increased  work  performed  by  the  left 
charolK;rs  of  the  lieart  in  this  form  of  disease  consists  in  keeping  up 
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the  arterial  pressure.  Part  of  the  energ}'  so  liberated  it  rrjMwld 
upon  the  pulmonary  circulation.  By  raising  the  prrasnra  whlda  tit 
pulmonary  vessels,  this  necessitates  an  increased  effort  on  tK*  jaft  i( 
the  right  ventricle  in  opening  the  pulmonary  artery  valre,  "MA 
frequently  results  in  hyjjertrophy  of  its  walls.  The  uniwiully  eoer^etM 
contraction  of  the  ventricle,  further,  reacts  u])nn  t}ie  natoxslljr  warn 
[MJtent  tricuspid  and  renders  it  more  iDcumpet«Dtt  tliw  afciiy 
deleteriousl}'  the  whole  venous  circulation. 


(8)  AORTIC  UF  NATURAL  SIZE  BUT  INCOMPKTKST ;  MlJUl 
COXSTRICTED  AND  IXUOMPETEST. 

562.  The  conditions  here,  so  far  aa  the  effects  un  the  right  odttf 
the  heart  are  concerned,  are  probably  more  favourable  than  IB  tht 
furinor  case.  As  the  aortic  is  of  normal  size,  the  blood  will  pm 
more  easily  through  its  orifice,  and,  hence,  will  not  tend  to  ugmiliM 
so  freely  through  the  incompetent  mitral.  The  amount  of  hjjtKtn^ 
-of  ihe  right  ventricle  ought  to  be  less  than  in  the  forqgou)^  baCM* 
the  blood  of  the  right  ventricle  will,  for  the  above  muoiv  trfwOMWi 
less  oppositiou  in  being  pro{>ellcd  into  the  pulmonary  artery.  U* 
following  are  the  actual  average  moasuremonla : — 


Aorlie  or  natural  tins  but  iucomintcnt ;  > 
mitral  cotuitii(.'tml  and  iii(>oiii|>i-t<trit.  \ 

Vai»iaua. 

Vmxil 

LrfL             R|(>t- 
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H  in.     '  -t-Sihi. 
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It  might  be  argued  that  the  wider  aortic  orific«  will  allow  owrt  Vkmi 
to  regurgitate  during  diastole  ;  but  it  is  questionable  whetlttr  tki^ 
seeing  that  the  mitral  is  constricted,  would  bo  so  injnrioos  in  the  km 
nm  as  the  regnrgitance  of  the  ventricular  blood  during  lyatole, 
in  addition  to  the  mitral  constriction,  the  aortic  ia  alao  of  nurov  i 


(3)  AORTIC  AND  MITRAL  BOTH  CONSTRICTED;  AORTIC 
COMPETENT,  MITRAL  INCOMPETENT. 

963.  Tlie   argument  KtsihI   ou    the  figures  under  Ctaa  S 
strSQgth  from  those  accorajtanying  this: — 


Amtio   aiid   mitral   botb  oonstrictad ; 
aortic  competent,  mitnl  iooompsleiit 

TDmii 

1           TaiMl 

Ull. 
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In  this  case,  one  element  of  regurgitant  pressure  is  removed  as  compared 
with  Class  2,  namely,  the  aortic  incompetency.  There  is  superadded 
another,  however,  the  aortic  constriction.  The  figures  remain  very 
mnch  as  before,  showing  that  with  an  incompetent  mitral,  aortic 
constriction  has  much  the  same  eSect  upon  the  thickness  of  the  walls 
and  size  of  the  cavities  as  aortic  regurgitance.  Where  the  two  condi- 
tions of  the  aortic  are  combined,  however,  as  in  Class  1,  the  difference 
in  the  effects  is  demonstrated  by  the  greater  thickness  of  the  walls, 
both  of  the  left  and  of  the  right  ventricles. 

(D)  Tricuspid  Stenosis. 

664.  The  cases  of  this  lesion  that  have  come  under  the  author's 
personal  notice,  as  before  mentioned,  have  been  so  complicated  with 
disease  of  the  orifices  on  the  left  side,  that  it  is  impossible  to  form  an 
accurate  idea  of  what  the  result  would  be  on  the  walls  and  cavities  of 
the  heart. 

CONCLUDING  REMARKS  ON  HYPERTROPHY  FROM  VALVULAR 

DISEASE. 

It  must  be  remembered  that  the  heart,  when  deprived  of  its  natural 
locks,  may  still  have  a  certain  inherent  power  of  driving  the  blood 
onwards.  Just  as  the  oesophagus  seizes  the  draught  of  liquid  and 
conducts  it  to  the  stomach,  even  against  gravity,  so  the  heart  may  be 
supposed  to  do  the  same  with  the  blood. 

Pettigrew  has  described  the  ventricle  as  twisting  the  mass  of  blood 
within  it  in  a  spiral  manner.  If  the  heart  wall  has  no  further  hold  upon 
the  blood  than  a  mere  contractile  sac,  it  is  hard  to  conceive,  where 
perhaps  three  of  the  valves  are  diseased,  how  the  circulation  continues 
to  maintain  even  the  desultory  course  that  we  know  it  does. 

It  should  also  be  borne  in  mind,  that  an  impaired  valve  need  not  be 
a  totally  useless  valve.  It  may  subserve  its  purpose  in  an  incomplete 
manner. 

The  chief  redeeming  point  in  valvular  disease  of  the  heart  probably 
is,  that  the  pulmonary  cusps  are  seldom  incompetent.  This  in  a 
manner  separates  the  venous  from  the  arterial  circulations  and  prevents 
the  pressure  on  both  sides  from  becoming  equalised. 
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Connected  Tabular  Statement  of  thb  Wkiohw  axd  Mimcv 
>u;nts  uefkuked  to  in  Chapters  XL  Ai>n>  XLL,  Aune  wm 

THOSE  OF  the   NoUMAL  HkABT. 
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HyI'ERTROI'HY   AND   DILATATION    y|U).M    DISEASE   Ot  TBK  LmML 

565.  (A)  Chronic  Bronchitis  with  Emphysema. — Tb«  fMHol 
idea  is  that  this  conibiiKttioii  of  diaaue  occasions  great  dilatetiiM  <l 
the  right  cliarnbere.  Gairdner  (No.  148,  xxiii.  1853,  p.  SU)  mid  llM 
it  ia  the  comraonest  canso  of  right^idod  dilut^tion  ani}  hjr)aertra|iku. 
Balfour  <Nn.  289,  p.  182)  assorts  that  brunchiti*  ia  the  uwat  bmpmi 
meatis  of  inducing  tricnspid  regurgitation.  Tliw  accompanyiog  flflMm 
ilerived  from  »  large  number  of  the  author's  own  meaaaremeatlt  il  «fl 
be  observed,  bear  out,  in  gieut  part,  Gairdaer's  statement  .^ — 
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It  ia  possible  that  the  dilatotion  may  expend  itself  partly  upon  the 
thin  wall  of  the  auricle. 

Conclusions. — It  will  thus  be  seen  that  the  chief  abnormalities 
consist  in  a  little  dilatation  of  both  ventricles  together  with  thickening 
of  the  right  ventricle  ;  while  the  orifices  remain  unaltered.  The 
weight  is  «omewhat  increased. 

566.  (B)  Pulmonary  Phthisis. — The  cases  from  which  the  fol- 
loT»Tng  figures  were  obtained,  were  instances  of  ulcerative  cheesy 
pneumonia  without  much  interstitial  thickening. 
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The  weight  is  below  average,  a  fact  to  he  explained  by  the  general 
emaciation  accompanying  the  disease.  The  orifices  on  the  left  side  are 
somewhat  beiow  the  average  size,  while  those  on  the  right  side  do  not 
differ  from  the  normal.  Along  with  the  diminution  in  the  size  of  the 
orifices,  the  capacity  of  the  left  ventricle  is  distinctly'  decreiised,  while 
that  of  the  right  is  just  about  tlio  average.  The  wall  of  the  left 
ventricle  is  thinner  than  in  the  healthy  heart. 

Balfour  (No.  289,  {■.  182)  believes  that  plitliisical  iliacase  of  tlie  lung  does  not 
cause  tlilatation  of  the  riglit  licjirt. 

Olendinniiig  made  the  statemeDt  that  the  heart  in  pultnonary  phthisin  acquire* 
increased  weight  Peacock  (No.  209,  iv.  p.  6]  looks  upon  this  lui  a  miainterprctation 
of  Gkcts.  In  cAses  of  uncomplicsted  phttiisia  lie  declares  that  the  heart  is  under 
weight,  and  ofton  presents  ths  ap^ioarance  of  atrophy.  It  is  only  wlit ru  there  has 
Iwien  long  ntauding  obHructwn  to  the  pulnumary  cireul/ition,  as  when  one  or  both 
lungs  arc  considerably  contracted,  or  when  there  have  been  marked  hranchitic  symp- 
toms,  that  the  heart  is  fonnd  to  be  iMilarged.  He  admits,  hovrevcr,  that  if  a  phthisi- 
cal lung  be  accoui|>snied  by  great  inipe<liment  to  the  transmisfiinii  of  blood  from  the 
heart,  by  valvular  or  aortic  disease,  the  organ  rany  exceed  the  natural  weight,  uotwith- 
■tanding  the  general  emaciation  which  muy  bo  present. 

Ourdner  (No.  148,  xxiii.  1853,  p.  :225)  held  views  very  similar  to  those  of  Peacock. 
He  said  that  "tubercular  disease  of  the  lung  produces  lij-pertrophy  of  the  heart  only 
when  combined  with  pulmonary  atrophy  and  induration." 

Conclusions. — In  ordinary  ulconitive  pulmonary  phthisis,  the 
weight  of  the  heart,  thickness  of  the  left  ventricular  wall,  and  size  of 
the  left  ventricular  cavity  and  orifices,  are  all  below  the  normal,  a  fact 
which  ma}'  be  accounted  for  by  the  general  emaciation,  and  by  liie 
blood  possibly  being  less  in  quantity  than  in  a  robust  individual. 


646 


THE  HEART 


tuaxi 


567.  (C)  Chronic  Interstitial  Pneumonia  or  Fflmid 
Phthisis. — III  this  disco^jc,  the  ]jloo<l-vt!SjoU  (xf  the  luog  an  wmk 
conipres»e<i  by  the  cirrliotic  tissue.  Many  uf  the  chmnrlt  «l  At 
middle-sized  branches  of  the  pulmonary  artery  are  alao  ooMtiidad  it 
closed  from  obliteratire  thickening  of  the  tunica  intima.  It  nij^ 
therefore  be  expected  that  there  would  be  a  tendency  to  illktltWi  m 
hy]K>rtrophy  of  the  right  ventricle.  The  following  figHTM  dkiw  ibA 
the  size  of  the  cavities  is  unaltered  ;  that  the  thickn«B  of  tlie  waO  of 
the  left  ventricle  is  below  the  healtln*  average ;  whil*  tli*l  <f  ^ 
right  is  slightly  increased. 

Chronic  hUentitial  PnewMtmia. 
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The  weight  i%  not  deficient,  and  the  rise  of  the  orifices  i» 

Conclusions. — The  state  of  the  heart  in  this  diaeue  w 
very  much  the  s(imo  nn  in  oniinary  |>ulmonary  phthisis. 

5GS.  (D)  Stonemason's  Lung  or  Lithosis. — Not  ooly  fa  ih» 
lung  inter.sectf'd  in  all  directions  by  a.  dense  cicatricial  netvorit  bottki 
circulation  is  still  further  interfered  with  by  the  accnmoUtian  uf  alflat 
dust  within  it.  The  state  of  the  heart  is  represented  by  the  {eUawraf 
6gure«: — 
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Conclusions. — It  would  thus  appear  that,  even  in  thin  Mranif 
obstmclive  disease,  the  average  weight,  size  of  orifices,  ca|weitT  irf 
vontriclcs,  and  thickness  of  the  ventricular  walls  are  unaltered-  1W 
induration  of  the  lung  has  no  positive  effect  in  increMifig  their  dflBB- 
sions. 

HvrRnTttiipiTY  FROM  Adhkrbnt  Pkricarpivh. 

569.  This  has  long  boon  recognised  as  a  cause  of  hy|iertro|ihy.  Ili 
origin  (trohably  li<-s  in  the  organ  being  restralne'l  ^"  '-*  f^^ee  motiiaky 
the  attachments  to  the  membrane. 
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Gairdner  (No.  280,  1851)  supposed  that  the  free  motion  of  the  heart  within  the 
pericardium  is  required  in  health,  not  so  much  to  meet  the  necessities  of  the  circula- 
tion  ia  its  tranqnil  and  ordinary  condition,  as  to  provide  for  the  contingency  of 
exdted  action,  and  to  give  abundant  scope  for  its  smooth  and  painless  movement 


Hypertrophy  of  the  Hkart  from  Kidnby  Disease. 

670.  Bright  (No.  63,  i  1836,  p.  28)  first  drew  attention  to  the 
hj^rtiophy  of  the  heart  accompanying  chronic  disease  of  the  kidney. 
Tlie  disease  of  the  kidney  which  is  oftenest  associated  with  it  is  inter- 
stitial nephritis,  but  various  other  affections  of  this  organ,  if  they 
become  chronic,  have  a  like  effect. 

Stewart  (No.  264,  L  1881,  p.  388)  makes  an  exception  in  the  case  of  the  waxy 
kidney,  which,  he  says,  never  leads  to  cardiac  hypertrophy,  although  he  admits  that 
the  parenchymatous,  when  it  becomes  chronic,  does. 

Bosenstein  (Na  264,  i  1881,  p.  388)  states,  that  where  the  interstitial  form  of  neph- 
titia  IB  complicated  with  waxy  disease,  the  heart  is  not  hypertrophied. 

The  absence  of  hypertrophy  in  waxy  disease  of  the  organ  is  probably  to  bo 
accounted  for  by  the  ill-nourished  condition  of  the  whole  body. 

Cohnheim  (No.  31,  i.  p.  96)  traces  hypertrophy  of  the  left  ventricle  not  only  to 
cirrhotic  disease  of  the  kidney  but  to  hydronephrosis,  i.e.  a  mere  obstruction  to  the 
free  outlet  from  the  gland. 

Glomerulo-nephritis,  if  it  last  for  any  length  of  time,  lias  the 
effect  of  inducing  enormous  hypertrophy.  The  author's  measurements 
in  one  moat  characteristic  and  uncomplicated  case  of  six  weeks'  dura- 
tion showed  the  following : — 
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The  obstruction  to  the  circulation  in  this  disease  is  probably  greater 
than  in  any  other  form  of  nephritis. 

In  interstitial  nephritis  the  following  may  be  taken  as  repre- 
senting average  measurements : — 
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It  would  accordingly  appear,  that  while  the  caritic*  of  th«  Twlritki 
remain  of  very  much  their  natural  size  in  this  dia«MO,  tb«  wiflef  At 
left  rentricle  ia  nearly  twace  as  thick  aa  it  ought  to  Iml  Tk 
thickness  of  the  right  ventricle  is  only  slightly  over  that  «i  hahk. 
The  orifices  remain  of  very  much  the  same  size  us  in  hcaJih.  Hm  •■ 
of  the  cavity  of  the  right  ventricle,  contrary  to  what  might  W  » 
pected,  overpasses  that  of  the  left,  and  the  weight  is  also  eaoaimMf 
greater  than  that  of  the  normal  heart. 

Stewart  (No.  310,  |),  233)  found  hypertrophy  of  the  baart  in  M  |ar  mm  rft 
aeries  of  osMt  of  kidney  diaeuc,  suJ  bolievea  that,  sltboogh  oot  ma  tamimmht* 
oarly  atagca  of  the  cirrhotic  kidney,  it  Li  present  in  almoat  erary  adTaaaiJ  chl 

According  to  the  principles  enunciated  under  aortic  dnnm  (SmL 
551),  ililnlation  ought  not  to  be  expected.  There  is  no  ■taiiil 
recoil  during  diastole — the  time  at  which  dilatation  is  mostly  sfliMtai 

In  aortic  constriction  with  incompetency,  two  agents  ai«  at  wnk 
in  causing  the  hyjiertrophy.     Here  there  is  only  one. 

SeitttoT  (No.  13,  IxxiiL  1$7S,  p.  7)  8t«te«  thut  tiinjJe  hfptrlrifltf  bfajrfta 
met  with  in  thia  di«vA«c  ;  &nd  be  quoti-a  csaes  rrcotdcd  by  Tnal«,  OkllBa^ 
Bartrls,  \.  ISuhl,  etc  in  aupport  of  this  ripw. 

Galnbin  (No.  309)  tfivea  tha  following  retiilto  fri>m  th«  aluily  of  tklfty-tiw  aaa 
of  contracted  kidnty  : — 

Simple  hypertrophy  of  left  vputricls   .  17  I 

Hy|wrtrophy  and  diUtstiou  of  aamu   .  .  5     .. 

Onlinai-y  liy|HTtrophy  of  heart  .  ii      ,. 

,,  with  dilatation  (in 

Cause. — There  seems  to  be  little  doubt  that  the  Arterial 
in  chronic  kidney  disease  ia  increased  throughout  the  l>odr.  The  bari 
pulse  and  various  other  phenomena  are  indicative  of  this  being  iW 
case. 

The  increased  work  to  be  done  by  the  ventricle  wiH    "  nnstia 

opening  the  aortic  valve,  and  in  driving  the  blooil  on,  "Pf^ 

tiou  to  the  increased  tension.     The  hypertrophy  of  the  left  rcptoMb 
may  be,  and  usually  is,  thus  accounted  for. 

Hright  [So.  03,  L  1830)  clearly  inilicated  that  the  hypertrophy  of  tk«  lM«ttis 
kidney  diacaae  woa  an  cflTcct  and  not  a  collateral  occorreneei  lie  rtatad  aa  Ua  laiii( 
that  the  altered  blood  of  kidney  diaeaae  lo  affvcted  Um  cireaUtioa,  titbar  tkn^^ 
the  heart  directly  or  throng  Um  saMllsr  VM*eI»,  that  inerwuMi  caHkr  Mttaa  «» 
neoesMry. 

Johnion  (Ko.  it,  1877,  i-  p.  143  tt  tq.)  tracod  the  caidiae  hypertru|ifaj  ta  aliirlMS 
of  the  RiuaLl  arteries  cauaed  by  hypertrophy  of  their  moarttlar  cuata.  H«  ■*!•  «M 
that  the  aniall  artrrire  uf  the  whole  bo<ly  are  aimilarly  hypartrophlad  aad  ttllr 
channel*  narrowed. 

Traube'a  rirw  (Xo.  310,  ii.  p.  290),  on  the  contrar}-,  wai  that  iIh  Mk  vvabid* 
hypertrophicd,  primarily,  brcatute  the  veaaels  of  the  kiilney  wvr*  cen}a«aBd  akd  i»- 
•ttoyed :  nnd,  Mx-otiiiikrily,  Itrcanac  th<<  exrretiiin  of  deletariooa  MbatUo*  llim^ijli  tt« 
kidney  waa  thua  hindered,  and  conacquently  altered  tha  oompoaitioB  of  tha  UaaL 

Tlien  followed  GuU  and  Sutton'i  obaerrationi  (So.  U,  Ir.  18731,  \if  whidi  ti«f 
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thought  to  have  established  that  there  was  a  sclerosis  of  tlie  coats  of  the  small 
•rt<ries  and  capillariea  ("artcrio-capillniy  sclerosis")  throughout  the  body — au 
uifiltration  of  a  hyaline  filtroiil  suhstauue — which  occasioned  a  universal  thicken- 
ing of  the  systemic  vessels  and  obstruction  to  the  circuUtion  of  the  blood.  Ewald 
(No.  IS,  Ixxi.  1877,  p.  460)  and  iiiauy  others  havo  thrown  doubt  on  this  alleged 
diaeaae  of  the  vessels  described  by  Gull  and  Sutton  ;  aiid  it  is  nnually  WlievMl,  at 
the  preaent  day,  that  the  morbid  Appearances  detailed  by  Uiem  arc  in  great  part,  if 
not  entirely,  the  result  of  the  reagents  in  wliicli  the  vrsscU  were  eianiin«<L 

£wal<I  {toe,  eit)  explains  the  hypertrophy  by  an  alterution  of  the  blood  caused 
through  the  kidney  lesion,  whereby  it  circulates  less  easily  than  usuaL  The  arterial 
■jratem  is  put  upon  the  stretch,  and  this  has  to  bo  compensated  for  by  the  increased 
aotirity  of  the  heart. 

Cohnheim  (No.  31,  i.  p.  97)  regarded  increased  tension  of  the  whole 
arterial  system,  oa  account  of  the  obstruction  to  the  flow  of  blood 
through  the  kidney,  as  the  cause. 

Grawitz  and  Israel  (No.  13,  lx.xvii.  1879,  p.  339),  as  a  result  of 
their  experiments  on  animals,  found  that  remo^'al  of  one  kidney,  be  it 
from  contraction,  fatty  degencriition,  or  extirjKition,  is  not  followed 
by  cardiac  hypertrophy,  provided  the  opposite  organ  compensatorily 
enlarges.  It  may  l>e  doubted,  however,  whether  the  diseases  set  up 
artificially  in  animals  by  them  were  in  ull  respect.^  comparable  to  those 
of  Man.  They  state  that  tlio  arterial  pressure  did  not  rise,  even  after 
a  long  period,  with  a  high  degree  of  renal  contraction,  with  chronic 
{jorenchymatous  nephritis,  nor  after  the  extirpation  of  the  organ. 

So-CALLKD  "Idiopathic"  HypKRTROPiiy. 

571.  This  term  is  sometinic-s  applied  to  the  heart  when  hyijer- 
trophied  without  there  being  any  further  disease  of  its  own  stnicture, 
or  of  that  of  other  organs. 

Increased  muscular  effort  is  said  to  cause  it,  as  when  a  jwrson,  at 
other  times  accustomed  to  a  sedentary  mode  of  life,  takes  to  climbing 
mountains,  etc. 

Bollinger  (No.  49,  1886,  Bd.  iL  Ab.  1,  p.  58)  has  lately  recorded  forty-two  cases 
of  nndoabtad  simple  hypertrophy  of  the  heart  without  valvular  disease.  Thirty- 
eight  of  these  occurred  in  men  and  four  in  women.  Taking  tlio  normal  proportion 
of  heart  muscle  to  body  weight  as  1  to  216,  he  finds  that  the  average  in  these  csHva 
waa  u  1  to  132.  The  hearts  were,  therefore,  oop-third  heavier  than  in  health.  The 
■ubjvcta  of  the  disease  were  mostly  strongly  built,  with  abundance  of  subcutaneoua 
ttt.  Hi*  obaervations  were  made  in  Mnuioh,  and  be  regards  the  great  consnmpt  of 
beer  in  that  city  as  the  chief  cause  of  the  disease.  He  holds  tliat  the  liquor  acts  in 
a  threo-fold  manner,  (1)  by  the  toxic  cflccts  of  the  alcohol ;  (2)  by  the  quantity  of 
lii{uid  taken  into  the  virculatiun  ;  and  (3)  by  its  aflbnling  considerable  nourishment. 


Htfperlrophy  a  Secondary  Afftclian, 

572.  It  wa«  jwintcd  out  by  Oairdner  (No.   148,  xxiii.   1853,  p. 
225),  a  good  many  years  since,  that  dilatation  and  hypertrophy  of  the 
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heart  are  never  other  ttuin  secondary  conditiotu.  TUs  taint  MrtnAf 
be  true.  HyjMsrtruphy  of  the  heart  U  not  a  diaeMo;  ttfeaemfM- 
satory  remedy  for  disease,  atid,  even  although  ih«  imoM  wfaU  hi 
induced  it  be  not  at  once  evident,  it  may  Xxi  tukeu  for  gnnlad  ikl 
the  incrooBG  of  muscular  fibre  is  simply  the  expreesioa  of  mcm  Wda 
malady. 

HkART   DtsKA.SK  AND   PftEGNANin'. 

573.  The  French  school  of  accoucheura  initiated  the  ricw  that  tb< 
left  ventricle  hyijcrtrophies  iu  the  pregnant  woman  tominU  th*  cad 
of  utero-gcstation  (see  Bibliography).  This  notion  haa  lieen  cmilatai 
by  several  German  obBtetriciang.  Macdonald  (Na  311),  hownw. 
upheld  it  in  this  country.  The  author's  own  meaaureflseDU  of  tki 
hearts  of  pregnant  women  at  full  time,  show  that  the  left  raBtridt 
has  a  maximum  of  three-quarters  of  an  inch,  and  heoecv  that  it  ii 
considerably  hypertrophied.  The  right  vootriclo  doaa  Bi 
participate  in  the  hypertrophy. 

The  cause  is  probably  to  lie  sought  in  thn  tncreued  « 
the  heart  has  to  perform  in  driving  the  bloo«l  thruttgh  tba  i 
uterus. 

Lilfraliirr  im  Heart  IHmtam  and  />n|^iuia<y.— BcTthiot :  titommam  at 
cuur,  lt?7<).  Cassanova;  LapoMcaM  dana  acs  rapporta  arvc  Im  nUai 
1876.  Cheneviire  :  ViroMMM,  paeamonie,  ct  nuUdic*  da  oonir,  1874. 
De  t'inntieace  (iolien>«  ueir^  |Ar  1»  Kro*ac«ii«  tor  Um  BialMU** dit  coor.  ItT^  Fdlvk: 
CeDtrnlbl.  t.  A.  iiiihI.  Wi<wniK')i.,  xili.  I$75,  |>.  470;  mlio,  Bdnoidt*  Jahrb..  dnlL  VBl. 
p.  1U8.  Macdonald  :  Tlic  BmrinKx  of  Chrantc  DiMu*  of  the  Btmtt  apo*  fta^aaq^ 
Putnrltioij,  au<i  (.'htlJIxHl.  M'*.  Porak:  Dc  riaflnaBM  rfdi«oqa«  d«  la  pmmmm*. 
lira  iiuiladifa  ilu  orur.  Remj  :  Dn  rtnIturiK.-e  do  U  gmaiii  tar  W  mairha  4m  wiliAv 
ilu  LtKur.  1880.    Spiegclberg: :  AnJi.  f.  Oyu.ink..  il.  1971,  p.  238. 


Time  RKguiJucP  for  Hyi-kktrophy. 

574.  Stone  makes  it  out,  from  a  calculation  based  on  tome  tvpeeal 
oues,  to  be  I  oz.  per  week  in  aortic  discaso,  and  half  that  aaMOBt, 
when  it  follows  upon  adherent  pericardium.  It  must  b«  arMial 
that,  from  so  many  fiu:tors  having  Ui  be  considered,  no  general  nila  i 
be  laid  <lown  for  all  cases. 

In  the  instiince,  quoted  at  p.  647,  of  enormous  bypertropby 
glutuenilo-nephritis,  the  disoase  had  lasted  for  about  six  woeka, 


Dkoenrration  of  the  HypKRTROPHnai  Fibrx. 

«'>75.  The  statement  is  almost  universally  concunrd   in  tbat ' 
hypertrophied  heart  is  very  liable  to  fatty  degiT<  '.»t 

is  a  common  cause  of  its  failure  to  contract  {<  ■  ■    i\ 

p.  47  ;  Balfour,  Na  289,  p.  78,  and  many  others).     This  atataaiant  » 
a  vast  exaggeration. 

Fatty   Degeneration  of  the  hypertrophied  heart   moKlaL  >■ 
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severe  ol>structive  disease  of  the  coronary  arteries,  or  a  localised  fatty 
degeneration  confined  to  the  tip  of  a  inusculus  papillaris,  as  a  result 
of  endocarditis,  is  common  enough.  A  general  fatty  degeneration  of 
one  nr  both  ventricles  in  liypcrtrophy  from  any  cause,  that  is  to  say, 
a  degeneration  capabte  of  inducing  apprccialile  or  fatal  itatbenia,  is, 
however,  of  rare  occurrence.  The  muscle  of  hypertrophy  ia  usually 
typically  healthy;  it  is  rigid  and  well -coloured,  and  resembles  the 
heart  muscle  of  an  ox  slaughtered  in  high  condition.  The  fatty  heart, 
the  contrary,  is  flai>by  and  aniEraic. 

Tomer  (N'o.  264,  i.  p.  434)  lielievcs  that  wlieti  tlie  bypertropliied  heart  fails  in  its 
it  is  tkrongh  a  genentl  fibroid  ilcgeneration  of  its  walls. 

LUcTOiuTt  flit  Hiffierlroyhitcl  Heart. — Auerbach  :  Arcliiv.  f.  patli.  Annt.,  liii.  1871, 
p.  *J34.  Bamberger:  Summluiig  kliit.  Vnrtritgt',  173.  Barr:  Mt:il.  TirnvH  aud  Gox., 
187«,  ii.  p.  414.  Biach:  Wieii.  iiied.  Wnclinschr.,  xxxiii.  1883,  pp.  1429,  HBl,  1498. 
Bollinger:  Deut.  raed.  Wochn-schr.,  x.  1884,  p.  180;  a/s»,  Arbeiteu  a.  d.  piith.  lost. 
7M  Miincheii,  18S6,  p.  .'iOI.  Cohnheim :  Vorle«uDgeu  iili.  allg.  Path.,  i.  1877,  pp.  40, 
49.  56,  63,  70,  96,  302  :  ii.  303,  342,  397,  404.  Delafield  :  MeU.  Rec.  N.  Y.,  viii.  1873, 
]>.  17  ;  njgo.  Am.  J.  Med,  Sc.  ii.  8.,  xci.  IS86,  p.  6t>.  Discussion  (iu  Relation  to  Renal 
DisMiAc) :  Tmiis.  iiitcni.  iiieil.  congreM,  London,  i.  1881,  p.  364  ri  ixq.  Eichorst :  Die 
trophiacheu  Bezichniigeu  d.  N«rri  vagi  itini  Uerziiiiifikel,  1879.  Ewald  :  Arch.  f.  path. 
Aiuit,  Ixxi.  1877.  p.  453.  Fraentzel :  Charite-.Vnn.,  ii.  1877,  p.  339;  Ilnd,,  v.  1880, 
p.  304  ;  yii.  1882,  p.  389.  FriedUnder :  Aich.  f.  PliyKiol.,  1881,  p.  168.  Galabin  : 
On  the  Connection  of  Bright's  Dist'n.ie  with  Changed  in  tlie  Vascular  .System,  1S73. 
Goldenberg::  Arch.  f.  i>ath.  Annt,  ciii.  1886,  p.  88.  Goodhart :  Trans.  Path.  8oc., 
ixx.  1879,  p.  279.  Bright :  Ouy'g  Hosp.  Rep.,i.  1836.  Grawitz  and  Israel :  Arch. 
i.  jMith.  Auat.,  Ixxvii.  1879,  ]>.  315.  Gull  and  Sutton  :  Med.  Cliir.  Trans.,  Iv.  1872. 
Israel  (Kidney) :  Arch.  f.  path.  An«l.,  Ixxwi.  1881,  p.  299.  James:  Med.  Times  and 
Oat,  xvi.  1863,  p.  58(i.  Johnson  :  Mud,  fhir.  Tran.s.,  xxxiii.  18.50 ;  Jfrid..  Ii.  1868  ;  alto, 
I.«eturesan  Bright's  Dise.ise,  1S73,  Lee  (T.  J.}:  Richmond  and  I»ui«'iUe  Med.  Jouru., 
xxii.  1876,  p.  60.  Letulle  :  Itecherflien  aur  les  hypertrophies  (.'nrdiaipicM  secoudaires, 
1879.  Lootnis :  Mwl.  K«o.  N.  Y..  viii.  1873,  p.  91 ;  Ibid.,  x.  187.1,  p.  3  ;  Boalon  M. 
and  S.  Jouru.,  ci.  187l>,  p.  177.  Pitres  :  l>es  hypertrophies  et  de.s  dilatutiona  cardiaqaes 
independantes  des  lesiouK  valvidaireM.  Rotch :  Cvel.  Pract.  Med.  v.  Zieiu.'wvD.  (SnppL), 
1881,  p.  349.  Roy:  Proc.  Caiuh.  Phil.  Soc,  iv.  1881.  Sassezky :  St  Petersb.  me.1. 
WochnKclir.,  v.  1880,  p.  271.  Senator :  Arch.  f.  path.  Aiiat.,  Ixiiii.  1878,  p.  1. 
Smith  (Etiology):  Am.  Pract.  and  Newx,  I^ui.svillc,  ii.  1886,  p.  885.  Spatz :  Veh. 
d.  Eiuriusa  v.  Krankheiteu  a.  d.  Grusso  d.  Heraeus.  Deut.  Arch.  f.  klin.  Med.,  xix. 
1881-82,  p.  1.38.  Stone :  Lancet,  1879,  iL  p.  864.  Strauss  (Ki.Iney  Lesions  in  Rela- 
tion to  H.,  lilxiterimentnl)  :  Arch.  gen.  d.  nied.,  1882,  i.  p.  5.  Traube :  Ueber  den 
Zusaramenbang  von  Herz-nml  Nierenkrankheiten,  1856.  Zielonko :  Arch.  f.  path. 
AnAt.,  Ixii.  1874,  p.  29  ;  nlso,  Pathologischanntontiache  u.  exper.  Stiidieii  iib.  Hyper- 
ophie  d.  Henens,  1875. 
LiitTitturf  on  Ijilatiitirm  iif  Ilciirt. — Acute  dilatation  of  the  heart :  C'anada  M.  and 
Jonni.,  .Montreal,  xi.  1882,  p.  389.  Clifford  Albutt :  St.  Oeorg.  Hosp.  Rep.,  v.  1870, 
p]>.  23  and  110  ;  also.  On  Overwork  and  Strain  of  the  Heart  and  Great  Vessela,  1871. 
Gairdner  (W.  T.) :  Brit,  and  For.  M.  Chir.  Rev.,  xii.  1853,  p.  209  ;  also,  Ed.  Med. 
Joiuii.,  ii.  1856,  J).  65.  Gang;hofner :  Vierttljuhrschrift  f.  <1.  prakt.  Heilk.,  1876. 
Loomis ;  Med.  Rec.  K,  Y,,  x.  1 875,  p.  33.  Peacock  :  On  Bonie  of  the  CauseK  and 
Effects  of  Valvular  Diseases  of  the  Heart,  p.  54,  1865.  Pitres  :  Des  hyjwrtrophies  et 
des  ililatat.  curdiaques  indi']K!ndante»  de.H  K'sions  valvuhiires.  ThJse  de  concours,  1878. 
Steffen :  Jahrb.  I  Kiudt-rlieilk,  xviiL  1882,  p.  278.  Traube :  is  his.  Ges.  Beitr.  tu 
Path.  n.  Phys..,  iii.  1878,  p.  124  ;  Ibid,,  p.  201 ;  tbid.,  p.  882,  Weat :  8t  Barth. 
Hoop.  Kep.,  xvll  1881,  p.  195. 
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Pathology  or  Cardiac  and  VAscriAR  MnuirRs. 

576.  Definition. — In  tome  morbid  daUt  of  the  pericardium  and  tf 
mdoeardivm,  in  connedion  wiUt  Iftiont  of  the  valpfs  and  of  0m 
filrrf  of  Ihr  hfurl,  itftd  in  rerUiin  gmural  amdUionn  of  dtl>UHy  aocom^ 
fiif  atuerniti,  the  luitural  lummli  Itftird  oner  tht  hmrl  and  tttMiU  btnjme  ttltmi 
in  cfumtcttr,  <>r  mw  mul  fireign  xoimdt  tvfplaiU  or  are  tUfptnUti  if  ttMr 
normiUy  iiresetU.    Such  itlmornud  Mundt  are  hu/um  at  mutmrnt  or  "  ftndic* 
In  the  COM  of  the  hetirt,  the  ttatural  tounda  may  be  no  ulujfdly  modified 
the  term  "  imptrity  of  sound  "  is  nmutimet  a^ffUed  to  the  emditim. 

EXOCARDIAL  MURMXnJS, 

577.  Tiie  hoATt  moves  so  smoothly  witliin  its  membnuies  in 
that  no  npprcciuble  sound  results  Uterefrom.  When  the  pericardiSJir 
becomes  intlanicd  and  fibrinoiu  lymph  is  precipitated,  the  roaghenal 
8urAkco»  nibbing  together  give  rise  to  what  is  known  «•  a  Crictioa 
murmur. 

Tlio  murmur  varies  in  character,  being  sometimM  doublo  or  of  a 
to  und  fro  character,  that  is  to  say,  elicited  with  the  syvtolo  and 
diastole  of  the  heart ;  at  others,  there  is  merely  a  single  ntunitr 
synchronous  witli  the  systole  of  the  heart.  It  may  l»e  of  »  hank, 
rubbing,  creaking,  or  of  a  soft  and  moist  nature ;  or  an  ;M:tual  B|tlasbt^ 
sound  may  be  heard  in  rare  cases,  where  gas  or  air  ia  simaltatieoiHfy 
present. 


If  gu  or  sir  b«  mixed  with  the  Hqaid,  orer  and  sbov«  th»  uplsihhig  or 
Mjuu'l  osuwmI  by  the  motion  of  the  heart,  tlis  perotuatoo  has  b«sa  aollectl  to  W  tjr»- 
[•nitic 

It  wu  origin&lly  |iointixl  out  hy  Oituxiii  (Ko.  68,  zil.  p.  ^'tO)  that  tbs  Karanrsf 
a  pericarditiii  coald  be  diatingnixbcd  froui  llist  dn«  to  an  endoc&nlitis  hj  if  ' 
iot«iMifl«d  when  pmsure  ii  made  hy  the  itethoacoiw  over  the  aflNtad  i 
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^cnomcnon  may  be  due  to  the  tissues  condcnwd  by  the  Htethoacope  conductiuf;  the 
■oaiul  from  the  coiiiimrQtivrly  Hii|)erficial  pericnnlinni  better  than  from  thi"  ilceppr 
eiulocardiuiii. 

^^''hen  pericardial  ofl'usioii  begins  to  accumulate,  it  tends  to  push 
tho  lungs  aside,  and  bo  to  increase  the  extent  of  cardiac  |iercus8ion 
dulness.  A  conRidei-aljJt?  quantity,  however,  may  have  collected  in 
the  sac,  without  any  incresise  in  the  percussion  dulness  being  manifest. 
This  is  owing  to  the  liquid  gravitating  to  its  posterior  and  inferior 
jMirts.  Hence  it  is  only  when  the  quantity  is  excessive  that  the  pre- 
cordial dulness  will  Iw  affected. 


Endckardial  and  Vascular  Murmurs. 

578.  Characters, — Varions  fanciful  names  were  formerl}'  applied 
Ui  endocardial  and  to  vascular  murmurs  by  Laennec,  Bouillaud,  and 
others,  according  to  their  supposed  resemblance  to  ceitain  funuliiir 
sounds.  Among  these  may  be  particularised  the  bniit  de  Kmjjiit  or 
saufflf  (bellows-like  murmur),  the  Iniit  dc  scir.  (saw-like),  the  bniit  de 
roud  (purring),  Invil  (h  nijx'  (ra.sping),  the  Imtit  de  diabk  (resembling  the 
sound  made  liy  a  huiauiing  top),  etc. 

These  designations,  however,  apply  simply  to  the  quality  of  the 
murmur,  not  to  its  locality  or  cause.  It  is  the  custom,  accordingly,  at 
the  present  day,  to  describe  murmurs  either  in  terms  of  their  site  of 
maxinuim  intensity  and  the  particular  interval  of  the  heart's  rhythm 
in  which  they  supervene,  or,  it  may  be,  according  to  their  site  and 
probjiblc  cause. 

Those  murmurs  wluch  are  due  to  an  appreciable  morbid  lesion  are 
called  org^anic,  while  those,  in  which  such  a  substratum  is  wanting, 
or  which  are  due  to  some  evanescent  cause,  are  kno>vii  as  functional. 


ORGANIC  MURMURS. 

579.  In  connection  with  the  aortic  orifice,  there  may  be  a  systolic 
or  a  diastolic  mnrmur,  or  the  two  ma}'^  be  combined  ;  while,  cor- 
respomling  to  the  mitral,  at  Icsist  three  murmurs  are  generallj'  ad- 
mitted— a  systolic,  a  pre-systolic,  and  a  diastolic. 

The  term  direct  is  sometimes  .i]iph"ed  to  a  murmur,  when  it  is 
owing  to  some  interference  with  the  flow  of  the  blood  in  its  natural 
course,  while  that  of  indirect  is  sometimes  given  to  a  murmur  caused 
by  regurgitance. 

Flint  (No.  314,  elxxsc.  1886,  p.  27)  recognises  four  mitral  miimiius,  a  regurgitant, 
a  direct  or  pre-systolic,  a  systolic  murmur  witliout  inoom]K'tcnce,  and  a  murmur 
which  is  diastolic  in  its  occurrence,  but  not  pre-systolic 

"  A  syrtolic  murmur,"  Uo  says,  "  having  its  maximum  of  iutensity  at  or  near  the 
ap«x  of  the  heart,  transmiitted  in  a  horizontal  direction  to  the  left  of  this  |Kiint,  and 
heard  near  the  lower  angle  of  the  scapula,  associated  with  more  or  less  enlargement 
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of  the  he*rt,  together  ttith  weakening  of  the  aortio  auU  aoeoatUMlifon  «f  Iha  pimmk 
•oant],  U  an  unmistakable  sign  of  mitral  iiicompatMMB." 

He  explains  the  «y«tolic  mitral  murmur  without  incompetence  on  tht  pMlri  rf 
iatra-vcntricular  cauaw,  e.g.  depoeit  of  tibrin  on  the  mitral  curtains,  Xhaftmmmd 
morbid  blood,  the  occurrence  of  newly-fnnnpd  ImukIi,  etc.  In  the  ventrid^  TW 
mitral  iire-«y»tolic  be  traces  to  vibration  of  the  mitral  curtalna  oMUld  hf  ttaallH) 
direct  current  of  blood  being  forced  by  the  auricular  eoatnctiaa  tlnoogb  ft  MnN 
aperttirc  Hu  acrepta  as  a  clinical  fact,  that  mitral  cttOMis  b  aal  fthiif*  acMk- 
|>anied  by  a  pre-syatolic  murmur,  the  couditiont  for  vibration  of  Uia  vmhr*  nUm  art 
being  preaent.  A  certain  amount  of  force  of  blood-current  i*  m(aitnl  ta  «*lv  ti 
excite  the  neooawiy  aonoroo*  vibration,  over  and  al>ovv  the  inw*  b^aiy  to  tka  itht. 
He  believe*  the  prevalent  opinion,  that  a  con.ttrif  tion  of  th«  ■■ihalii  —IiImIb 
opening  is  always  preaent  in  pre-syatolic  murmur,  to  be  errooeoaik 

That  a  pre-si/stolic  mnrmur,  when  present,  is  generally  th*  effsct  of  > 
mitral  constriction  appears  to  hold  good.  In  eight  caats  aBmiaid 
by  Gtiirdner  (No.  31.'),  p.  590),  and  in  thirteen  by  Haydto  (So.  iS6, 
p.  203),  in  which  a  pre-systolic  luurmur  wu  dia^osed  doHng  VHt,  tW 
mitral  was  found  to  bo  constricted. 

The  ])re-6ystoIic  hniil  is  most  likely  duo  to  tlie  tuuTOV  mitnl 
ing  a  spurt  of  blood  to  be  injected  into  the  ventricle,  and  thus  exc 
a  sonorous  liquid  vein  (see  p.  656). 

Flint  (lor.  eii.)  further  assume*  the  munnur  which  follow*  Iha  •mobJ 
<<ud»  Uiforc  the  contnu'tiou  of  the  auricle,  if  aortic  and  pulmfinary 
1m  excluded,   to  lie  a  mitral  diitatUic.      It  must  lio  causnl,  he  aaya,    "  VlJ  tk*  CBIVM 

of  blood  passing  from  the  auricle  into  the  ventricle  prior  to  th*  awiealor  eatav 
tiou."  Gravity  and  the  aspiration  of  the  vebtriclft,  be  cMudiWr*,  aajrcaHisaA 
onrrent. 

Hayden  (Xo.  288,  p.  201)  supports  Flint's  view,  that  a  piD*  dkutell*  ■■■■ 
may  occur  during  the  passive  entnnce  of  blood  trvva  the  aoricle  into  th*  watiiJa. 


FUNCTIONAL  MDRMVRS. 

580.  These  are  usually  the  outcome  of  some  debtlitatiag 
accompanied  by  ansemia. 

Anaemic  murmurs  are  of  two  kinds — the  one  heard  at  the  hue 
of  the  heai't,  in  tlie  second  left  intercostal  space,  and  from  half  an  inch 
to  an  inch  and  a  half  beyond  the  Irarder  of  the  stornum  ;  tlio  odMT 
audible  over  the  large  veins  at  the  root  of  the  n(H;k,  and  known  from 
its  humming-top-like  character  as  the  hrvii  de  diaUe. 

A  vpuons  munnur,  aocording  to  Hayden  (No.  S88,  p.  MA),  "althomh  mmt 
frequently  heard  in  the  jugulars,  is  by  no  means  always  oonAnad  to  tksH  tiMih ; 
it  occurs  in  aneurismal  varix  and  in  the  placenta]  and  ntarina  vrina  is  tlw  littM 
months  of  |in.-gnancy."    H«  ha*  also  hmnl  it  in  tamonrs  of  varions  kinds. 

The  site  of  the  baaic  munnur  is  de«erihed  by  IaUwoi  (Ka  S18,  i  {&  40)  m  baiy 
limltad  ij  a  lia«  drawn  from  the  left  side  of  the  st^mnm  along  IJm  upfm  alp 
of  th«  swond  costal  cartilage  and  continued  an  inch  along  the  saoaod  riV  ;  »ai  if 
another  frtim  the  sternum  alung  the  lower  edge  of  the  thinl  ooatal  f*rtth(p  ooBttaMi 
one  inch  along  the  third  rib.  The  indosvd  s|«m  repwsait*  th*  ana  vfa 
usually  b*  heard,  and  hoard  moat  distinctly. 
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Xauuyn  (No.  43,  v.  1868,  p.  189)  threw  out  the  suggestion  that  the  murmur  was 
in  r«»lity  lin'atcd  in  th«  left  auriciilnr  appeudajje.  In  mitral  rtgurjfitation  not  onlj' 
i*  the  left  auricle  diotended,  but  olso  the  aiiricnlar  appendage.  Wlien  this  Is  so,  the 
auricular  appendage  twines  itself  roum!  the  jiulnionary  artt>ry  and  couies  to  the 
nirface.  Ne«dU<8  pushed  tlirough  the  chest  wall  at  the  point  of  maximam  iutenaity 
of  tlie  niumiur,  trauafixed  the  left  auricle. 

It  will  be  found,  however,  that  after  death  the  left  auricle  in 
ordinary  subjects  lies  at  a  gootl  distiince  from  the  surface,  :xnd  ivoulrl 
require  to  be  coiisideriibly  distended  in  order  to  ajtpioach  it.  It  may 
be,  however,  that  this  distance  appears  greater  after  death  than  it  is 
during  life,  as  the  organs  tend  to  collapse  and  to  become  retracted 
when  the  sternum  is  removed. 

Functional  or  ha?niic  murmurs,  according  to  Balfour  (No.  289,  p. 
157),  are  not  always  confined  to  the  bixse,  nur  are  tliey  found  to  be  of 

ximum  intensity  over  either  the  aortic  or  pulmonary  area.     The 

H  dr  iliublr,  or '' humminjj;-toji  murmur,"  met  with  in  aruemic  in- 
dividuals, is  heard  not  infrequently  in  the  aortic  area,  more  frequently 
in  the  pulmonary  area,  and  more  rarely  in  the  mitral  area. 

He  draws  attention,  however  (p.  I'JO),  to  the  fact,  that  the  position 
of  maximum  intensity  of  such  so-ciUed  arterial  murmurs  is  not  over 
any  artery  at  all,  but  in  the  second  intercustal  space,  one  inch  and  a 
half  or  rather  more  to  the  left  of  the  jmhnonary  area. 

He  explains  this  on  the  theory  that  the  mui-mur  is  in  reality  due 
to  mitral  insufficiency,  which  allows  the  blood  during  ventricular  systole 
to  regurgfitate  into  the  auricle,  and  that  it  is  rendered  evident  in  the 
above  situation  by  the  distended  left  auricular  appenda.i;e  comiiii;  so 
close  to  the  surface  (as  shown  by  Naunyn,  lor.  rit.).  He  regards  the 
murmur  in  this  locality  as  Iwing  sometimes  the  only  |>hysical  sij^n  of 
mitral  disease.  The  incompetency  of  the  valve  in  audi  cases  is 
brought  about  by  the  malnutrition  of  the  muscular  fibre  either  of  the 
heart  wall  or  of  the  muscidi  papillares,  or  by  dilatation  of  the 
ventricle. 

Mac&lister  (Xo.  6,  1882,  ii.  p.  821)  says  it  is  the  base  muscles  which  are  at  fault. 
Tliey  do  not  contract  Btifliciently  to  approximate  tiio  aides  of  the  valve,  and  hence 
may  render  au  orifica  of  natural  size  incompetent 

Broftdlient  (No.  6,  1887,  i.  p.  711),  in  accepting  Balfour's  explanation,  traces  the 
cause  of  the  deficiency  to  high  arterial  tenaion.  Owing  to  this,  the  ventricle  is 
nnable  to  empty  itself,  and  hence  dilatation  follows.  High  arterial  tension,  although 
not  invariably  an  accompaniment  of  sntemia,  is  at  least  of  common  occurrence. 

Balfour's  view.":  have  been  strenuously  opposed  in  various  quarters,  more  especially 
by  Itussoll  (No.  319,  i.  1882,  p.  97),  who  has  adduced  certain  olijeetiona  of  con- 
aidcmble  weight  to  Balfour's  theory.  While  not  disputing  that  the  murmur  heard 
in  •  large  pro|)orHon  of  cases  of  debility  due  to  causes  such  as  chlorosis,  fevers,  and 
parturition,  is  excited  by  a  mitral  regurgitsnce  owing  to  laxity  of  the  ventricular 
walls,  yet  he  denies  that  its  mechaniMii,  as  exi>ouudcd  by  Balfour,  is  correct.  It  is 
not  generally  heard  at  the  apex,  the  point  where  mitral  nuimiurs  are  usually 
loudest,  and  it  has  not  the  purely  soft  blowing  charairter  of  a  nitirinur  arising  in  this 
neighbourhood.     It  also  gradnally  disappears  during  inspiration.     He  explains  its 
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moohuiisiii  nitlirr  on  the  usumption  thtt  the  left  auricle  bccoiniA(  d 
the  mitral  regurgitation,  pitMsca  injuriously  on  the  pultuoniiry  uUaj  i 
blood  into  a  state  or  sonorous  vibration. 

GibAon  (No.  319,  i.  1882,  p.  86 ;  No.  r>9,  1877,  ii.  p.  4ia)  hi 
the  cardiographic  tracing  or  the  jmUation  in  tha  iiecond  in!«rcaiita1  apaea  ■(■» 
panyiug  those  caaea  is  decidtMlly  auricular  in  its  character,  a  fact  whirh  waaU|atl 
support  Balfoor'a  theory. 

Chauveau  anppoaes  that  the  entire  amount  of  blood  in  Abaiinla,  is  tba  IMhb 
Hubjcct,  is  deficient  (a  statement  which  would  require  coufirmatkai)^  Bad  llat  Ikh 
acts  injuriously  in  causing  a  |iartial  colla{»e  of  the  cafiillariai^  awiim  iW 
arteries  and  veioM,  and  of  the  heart  with  its  oriliMa,  The  aoito  anl  fafaMMq 
artery  are,  however,  unable  to  accomniwUte  thommlves  to  tha  altarad  MOrttSMiM 
theao  other  parts  arc,  and,  hcnco,  as  the  blood  is  [loared  into  tfaara  biNB  iMi 
IMTTOW  orilivcs,  it  escites  a  liquid  Tcin  with  its  accoin|«nyiiig  Bmimar  or  Iratf  A 

Ho  would  account  for  the  bruU  dt  diahU  on  the  anp|iasilian  that  tlM  opHilap  W 
the  lai^gD  veina  of  the  neck  do  not  eolla]Mi>  in  the  same  manner  aa  tha  fait  af  At 
venous  system  in  snieniia,  owing  to  their  being  continuoosly  uaiteil  to  tl»  tmf 
cervical  fascia.  The  bloo<l  returning  by  them  thus  disduiyn  UmV  iiila  mi  aafdb. 
like  dilatation  and  a  liijuid  vein  is  uxcitM). 

Dynamic  murmurs  are  such  as  occur  in  healthy  hearts,  pcobabljr 
on  account  of  irregular  contraction  of  tlio  muscnlar  fibres,  posabijr  nf 
the  musctdi  jKipillares.  The  miimiur  which  is  heard  otot  the  besrl  in 
chorea  has  been  held  by  some  to  be  of  this  nattire.     Otbera,  bomfrsr, 

maititnin  that  it  is  duo  to  ciidocnnlilis. 


PUYSICXAL  CAI'.SES   OK   Ml'ltMUUS. 

581-  Friction  Theory. — An  old  notion  (Walshe,  Uendrin, 
which  is  uow  pi-etly  woll  abandoned,  was  that  /rietion  of  i/U 
againsi  a  rough  mi//  is  the  cause  of  intracardiac  murmun. 
oxporiments,  .tt  least  thoBc  uii  arterip«,  show  thiit  tliia  is  inipnAsliiK 
He  ronghcnwl  the  coat  fif  the  wirotid  in  tho  horx*;  by  injitria^  it. 
without  iiiilucin^;  any  murmur :  and  he  ])lace<l  a  {lircu  of  mctalfic 
tubing,  roughctHMJ  in  the  anterior,  in  the  course  of  the  artery, 
a  like  ncj^ilivc  result. 

Corrigan's  Theory. — One  of  the  earliest  descriptioos  of 
|iti:i1>nMy  the  true  explanation  of  cardiac  and  Tmsculir  murmarv 
given  by  (Vurittan  (No.  59,  April  1829,  pp.  1,  33).  Flo  d«D« 
that  il'  the  wulwhivisui  artery  Ixi  comprcs.f<Hl,  u  louil  liruU  d*  tat^ilh 
beard,  anil  he  explained  its  occurrence  ////  'Ar  jnrtidrA  of  Jlmid  hnmg  mt 
iti  motion  tnth  diffrrml  tUtfreti'  af  rayiility,  llicrt-by  cauidng  ■  soiiikL 

He  further  demonstrated   that  when   liquid  is  driven 
membranous  tube,  such  as  a  |>i«oe  of  intsatiiie,  a  aouad  is  ooc 
BO  long  aa  tlio  membrane  is  equally  distended,  bat  wheaei 
constricted,  so  as  to  produce  an  alteration  in  the  motioa  of  the 
a  very  loud  lirttit  df  touffld  becomes  evident 

Liquid  Vein  Theory.— When   liquid   escapes  (ron  a  narm 
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circular  aperture  in  the  bottom  of  a  vessel,  the  stream  assumes  the 
following  characters;  The  upper  part  is  smootli  and  tinint«rrupted 
like  a  glaas  rod,  while  the  part  helow  is  separated  into  elongated 
swellings  composed,  in  their  turn,  of  separate  drops.  The  drops  are 
spheroids,  ai]<l  in  the  middle  of  the  swellings  on  the  jet  of  liquid, 
these  spheroids  are  placed  with  their  long  axis  transversely,  being 
larger  here  than  at  either  end  of  the  swellings.  Between  each  two 
drops  is  one  of  very  minute  size. 

Tliis  phenomenon  was  first  described  by  Savart  (No.  312,  2d  series, 
liii  1833,  p.  337),  and  the  name  "veine  liquide  sonore"  was  applied 
to  it  by  him. 

Such  liquid  veins  excite  smwrmis  vibralioiu,  and  consccjuently, 
their  presence  within  the  heart  or  vessels  has  been  drawn  upon  to 
found  a  theory  of  murmurs. 

A  sonorou.s  litjuid  vein  is  caused,  not  only  when  a  h'qnid  passes 
through  a  narrow  orifice,  but  also  when  such  an  orifice  opens  from  a 
narrow  vessel  into  one  of  wider  dimensions  filled  with  liquid. 

ChaoTeau  (No.  40,  xlvi.  May  3,  1858,  p.  539),  from  experiments  chiefly  made  on 
the  horse,  came  to  the  conclusion  that  the  bruits  de  aoiiffle  arc  purely  physical 
phenomena,  that  ia  to  gay,  that  they  are  Bounds  mibjcct  to  ontinary  acoustic  laws, 
and  that  they  arc  engendered  by  some  mechanical  cause.  This  cause  does  not  de- 
pend directly  upon  the  quality  or  quantity  of  thti  blood  in  the  vctisels,  nor  upon  the 
atate  of  tension  of  their  walls.  Nor  docs  it  reside  in  a  roughening  of  the  walls  of 
the  vesaels,  ao  long  aa  the  asperities  do  not  materially  uodify  the  calibre  of  the 
latter. 

Wlien  a  dilatation  oxista  on  the  course  of  a  vessel,  the  bloo<l,  on  entering  this 
dilated  (lart,  can  produce  a  bniit  dc  mnjjic.  A  narrowing  of  a  vessel  more  or  less 
extensive  may  also  bo  acronipaniud  by  a  bniil  de  foxtfflt,  but  it  is  not  as  the  blood 
enters  the  narrow  part  of  the  vessel,  nor  in  its  jiassagc  through  it,  that  tho  murmur 
Li  generated,  but  at  that  part  of  the  course  of  tlio  ve.«el  immediately  beyond  the  con- 
striction— a  jiort  which,  as  comparc<l  with  tho  constricted  portion,  presents  the  condi- 
tions of  a  dilatation.  Tlie  dilatation  raa^-uot,  therefore,  be  absolute  bat  only  relative. 
Alt  that  is  necessary,  in  order  to  induce  a  bruit  de  aouffle,  is  tikat  the  difference 
between  the  constricted  and  narrow  iiarts  bo  sufficiently  marked,  and  that  the 
blood  penetrate  into  this  dilatation  with  suQicient  force.  The  greater  tho  forc« 
with  which  the  blood  is  injected,  the  louder  the  bruit.  The  injected  blood  excites  a 
liquid  vein  with  sonorous  vibrations. 

Talma  (No.  169,  x.xiii.  1890,  p.  277)  concluded,  from  his  physical  experiments, 
that  the  tiemtd  lound  of  the  heait  is  dependent  on  the  vibrations  of  the  liquid,  not 
on  thoHof  the  valve  itself;  and  that  iMeJirM  mund  is  at  least  jwrtly  due  to  this. 
He  supposed  that  heart  murmui-H  are  rauscd  in  the  sanie  manner. 

As  supporting  the  view  that  the  {diablc  texture  of  the  valve  ia  not  necessary  to 
elicit  the  natural  or  abnormal  sounds  of  tho  heart,  lleynsius  (No.  317,  1854,  p.  54) 
held  that  murmurs  could  be  generated  in  rigid  glass  tubes  as  well  as  in  the  more 
flexible  tabes  employed  by  former  exiwrimenters.  Thauim  (No.  43,  vi  1809,  p.  129) 
waa  of  a  like  opinion,  but  Weber  (No.  138,  xiv.  1855,  p.  41)  looked  upon  munuun 
aa  the  result  of  vibration  of  flexible  tubea  inch  as  tho  natural  vessels  represent. 

Direction  of  Murmur. — The  murmur  is  tisually  propagated  in 
the  direction  of  the  How  of  blood.     When  liquid  is  allowed  to  circulate 
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through  a  tubo  of  nan-ow  calibre  oiiening  into  k  wider  tube,  tkt  M 
excited  by  the  liquid  vein  is  always  Ijest  heard  iinmrdtatclj  htjmi 
the  narrow  tube,  in  the  direction  in  which  the  liquid  ii  flowing  Wba, 
on  the  contrar}',  liquid  is  made  to  pass  from  a  wide  into  a  nm« 
channel,  no  such  vibrations  are  excited 

Borgeon  (No.  313)  particularly  emphaaiaM  the  fact  lliat  tba  aofanr  «t  •  hfik 

vein  in  lieanl  only  on  the  distal  nide  of  the  conatriction. 

Anaemic  Murmurs.— It  will  be  noticed  (Sect  580)  tkat  Iwik 
in  Balfour's  and  in  Russell's  theories  the  sonorous  liqakl  rein  ii 
assumed  to  be  the  actual  cause  of  the  anaemic  murmur.  This  doCms. 
however,  is  not  universally  accepted 

Thus  Haydcn  (No.  288,  p.  24S)  supposea  that  there  an  Cro  (aetoa 
entering  into  the  causation  of  hicmic  murmurs ;  hnt,  frictioB  of  Um 
blood  corpuscles,  (a)  against  one  another,  and  (6)  againat  Um  a^M  af 
the  opening  and  the  walls  of  the  vessel ;  and,  second,  ribratanm  of  ll» 
heart  and  walls  of  the  vessels.  He  regards  (pi  264)  the  kwil  de  iitik 
as  a  sign  of  absolute  reduction  of  volume  or  of  atteniaatiaa  of  tfe 
blood. 

It  is  indeed  possible  that  such  attenuation  of  the  blood,  by  allOT^ 
its  specific  gravity,  might  cause  a  great«r  rubbing  of  the  coipOMUi 
against  the  vessel  walls  than  usually  happens.  Wbctlier,  in  doiagatk 
thoy  would  excite  a  murmur  may  wull  be  questioned.  There  caaMl 
Im  much,  if  any,  doubt  that  the  altere<l  condition  of  the  blood  has  ■ 
sonit!  way  to  do  with  the  gunuratiuu  of  the  abnonnal  sound,  for  Um 
animal  be  liled  until  it  is  feeble,  an  anH.*mic  murmur  becomes  afiianat; 
while,  if  lai'ge  quantities  of  water  or  salt  solution  be  inject«<l  into  ht 
vessels,  so  as  to  compensate  for  the  loss,  the  murmur  Aort  not  dk- 
appar.  It  does  not  disappear  in  fact  until  thi>  blood  luu  recupenlel 
itself  through  the  lapse  of  time  (Itichanlson,  No.  lUb,  1868;  Mar 
alister,  No.  6,  1882,  ii.  p.  825). 

Musical  Murmur. — Where  the  murmur  haa  a  miuoea]  r'lOT<»i 
it  will  gencrully  be  found  that  a  portion  of  valve  or  endoeardioa  Im 
liecn  hanging  loose  in  the  blood  current,  and  hiui  Itccn  in  a  tUU  d 
rapid  vibration,  or  that  a  valve  has  been  perforated.  The  fanner  ■ 
perhaps  the  commoner  of  the  two  causes. 

8<;liroctt<>r  (No.  49,  1883,  it  p.  ISO]  distSngaiihet  nituucal  wyMlit  anl  mmlmi 
Jiaatolic  niunnun.  In  the  fanner,  he  nsaally  foanil  a  tdnliaoM  baatf  itntlUlV 
aorow  the  vmtride  ;  in  the  latter,  a  thnn>Mlk«  AlaioaDt  oomlng  off  bw  As 
posterior  cnap  of  the  aortic  valve,  which  by  it*  rlbrationa  bad  cviieatljrgiviM  fta»* 
the  sound. 

T.  Drozda  (So.  49,  1883,  ii.  p.  143)  deaoribea  mitnd  ayatolic  nanavn  mM^V 
mami  by  (l)  •  cicatricial  band  stretching  aeroM  the  left  ventricle,  whkli  hm&ma 
altenataljr  atretched  and  relaxe<l  with  tb«  morements  of  the  heart;  W  stnliByv 
of  bypertrojihicd  ami  wtrmcted  rhortbe  ;  (8)  nmluc  |ire«ar»  in  aa  ottHnvia*  b«Mv 
rentriclo.  He  dnrU  niiixical  diMtolic  mitral  marmun)  io  vatlooa  dagnpwafoiSrtar- 
tioD  of  the  orific*.  H«  accounti  for  aortic  musical  mnmiBn  I7  (I)  iHrfbtMi  ■ 
baud-like  connections  of  the  aortic  cii>i|>ti  tu  the  aorta  or  to  each  athe*;  (S^  Mk^ 
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fication  of  a«^cniling  Aortn  ;  (3)  gtcnosU  of  rentricular  ostinm;  (1)  congenital  bands 
itretchLng  between  the  ventricle  and  aorta. 

Mosical  diastolic  aortic  uiuriiiurs  be  fiiiils  (1)  in  partial  destruction  of  tli«  free 
bonier  of  tiie  valve  ;  (2)  in  foueatrattd  valve;*. 

Pncci  (No.  49,  1885,  ii.  p.  166)  found  a  jwrforatiou  of  an  aortic  otup  in  a  case 
where  the  munnur  roscmbleJ  the  cooing  of  a  dove 

Prolongation  of  the  First  Sound. — -This  is  fretiuently  lieard  a 
few  day«  alter  an  acute  endocarditis  hius  commenced.  Sansom  (No. 
295,  p.  21)  accounts  for  it  by  an  imiwiirment  of  the  natural  valvular 
element  of  the  sound.  The  curtains  of  the  vaIvo  heing  swollen,  the 
sound  elicited  by  their  closure  is  not  so  sharp  as  in  health. 

Harsh  and  Grating  Murmurs. —  Haydeu  (No.  288,  p.  184) 
explains  these  by  "  the  attrition  of  two  uneven  and  dense  surfaces 
■.against  one  another,  or  of  a  strong  current  upon  solid,  rugged,  or  project- 
ing  points  of  surface.  Soft  murmurs,  on  the  other  hand,  are  caused 
by  the  movement  of  currents  over  smoolli  and  even  surface.?." 

tJaural  LUrrature  on  Ilfart  Duieauj. — Balfour  (G.  W.) :  Cliiiii«I  Lecturcii  on 
Siaeaaes  of  the  Heart  auJ  Aorta;  (Senile  llenrt)  E<lin.  Med.  J.,  xxiii.  1886-7,  p.  769. 
Bnunwell :  DUeasea  of  the  Heart  and  Ttioracic  Aorta,  1$84.  Busch :  Lehrbucli  d. 
HerzkraiikUeilen,  1868.  Clarke  (Alouzo)  :  Lectures  on  Diaeiues  of  the  Heart,  1884. 
Cockle:  Contribution*  to  Cardiac  Pathology,  1880.  Duchek :  Die  Kr.iuklieiten  d. 
Herzeni,  de4i  Henboutclii  u.  d.  Arterien,  1862.  T.  Dusch :  U-hrbuch  d.  Ucrzkraidiheitvu, 
1888.  Flint:  A  Practical  Tre.itlie  on  the  Dingnodin,  Pathology,  and  Treatment  of 
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THE   BLOOD    VESSELS 

THEIR  NORMAL  STRUCTURE 

582.  Arteries. — When  a  crow  section  of  a  bmnch  of  « 
sized  cerebral  artery,  taken  from  the  base,  ia  examiaetl  tnic 
ally,  it  is  seen  to  be  com|x>sed  essentially  of  four  coau  :  (1)  ll» 
tunica  intima  with  iu  endothelium;  (2)  the  wavy  inner  eliialk 
lamina;  (3)  the  muscularis ;  and  (4)  the  araolv  ahMlk  m 
tunica  adventitia.  In  sumi-  urteries,  such  as  th«  reoal,  than  m 
several  elastic  laminse.  In  the  largest  arteries,  the  rotucolara  k 
poorly  developed.  Although  the  coats  of  the  urttriy  have  MMDattaM 
iieen  more  miuutcly  subdivided,  it  will  Ixs  found  that  the  than  k 
sufficient  for  pathological  purposes. 

Veins. — These  differ  from  the  arteries  chiefly  ia  the  |K«ite 
thinness  of  their  walls.  The  muscularis  is  less  developed,  hot  tlw 
adventitia  is  n-hitively  thick. 

Capillaries. — The  capillaries  consist  of  a  single  layer  of  eloBfrilJ 
endothelial  cella>  Iu  some  localities,  the  largn*  capiUuiee  have  • 
thin  adventitia  around  them. 


THKIR  SKRVK  SUPPLY. 

The  nerves  controlling  the  arteries  are  of  two  kinds,  namrly,  VM^ 
constrictors  and  vasodilators. 

The  yasO'Constrictors  are  connecte<i  in  the  following  ■■■■■ 
with  the  cerebrospinal  nerve  centres.  The  great  vaao-moCor  aeain 
is  located  in  the  medulla  oblongata,  while  several  minor  coikrae  eit 
evidently  placed  in  the  gray  matter  of  the  spinal  cord.  The  tarmm 
is  most  likely  in  communication  with  tlie  hight>r  encephalic  ceiUiifc 
Some  of  the  fibrrs  emanating  from  it  are  distributed,  along  with  the 
cranial  nerves,  to  the  organs  whicii  the  latter  supply  (eye-biil],  toi^^ 
etc),  while  others  run  down  in  the  lateral  column  of  the  apinal  eord. 
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join  with  its  vaao-motor  nuclei,  and  either  pass  into  the  peripheral 
nerves  by  the  anterior  spinal  roots  or  join  the  sympathetic  througli 
the  rami  communicantes.  They  ultimately  terminate  in  the  muscular 
coat  of  the  arteries. 

The  vaso-dilators  are  most  likely  connected  with  a  centre  in 
the  TOcdulIa  oblongata,  although  this  has  not  been  proved.  They 
issue  along  with  certain  of  the  cerebral  and  spinal  nerves.  Their 
function  is  to  bring  about  a  relaxation  or  inhibition  of  the  muscular 
fibre  of  the  arteries,  and,  hence,  they  are  antagonistic  to  the  vaso-con- 
strictors.  They  are  evidently  more  abundant  in  certain  localities 
than  in  others. 

The  veins  also  contain  nerve  fibres,  but  they  are  fewer  iii  numlwr. 

The  capillaries,  so  far  as  is  known,  are  unprovided  with  any 
norvc  supply. 

ArTKRIKS — iNFLAirar ATORY  A  FTECTIONS — ArTERI  ITIS 

idpnjpia,  an  ariery). 

583.  Several  varieties  of  inflammation  of  the  arteries  are  usually 
described,  such  as:  (1)  the  atheromatous;  (2)  the  obliterative  ;  (3) 
the  acute  suppurative;  (4)  the  warty;  and  (5)  the  malignant;  (6)  a 
poriartoriitis ;  or  (7)  a  periarteriitis  nodosa. 

(1)  ATHEROMATOUS   ARTERHTIS. 
(Endaiieriilis  chronica  vmlosa  s.  defannuns. — Virrhow) 

Naked-Hye  Appearances. — The  disease  is  primarily  one  of  the 
inner  coat.  As  this,  like  the  endocardium,  is  devoid  of  blood-vessels, 
it  follows  that  congestion  cannot  be  the  first  indication  of  its  being 
inflamed. 

The  earliest  sign  of  tl>e  disease  is  a  milky  opacity  of  the  tunica 
intima,  an  appeantnce  similar  to  that  notice<l  in  the  conmiencement 
(if  endocarditis.  The  milky  opacity  is  never  universal  over  a  large 
area,  but  is  confined  to  patches  here  and  there.  These  patches  soon 
become  converted  into  elevation.^  from  the  thickening  which  takes 
place  in  the  menibr.iiie. 

A  pale  yellow  spot  next  appears  in  the  centre  of  each  patch, 
and  this  spreads  throughout  all  its  substance.  The  change  in  colour 
indicates  that  the  thickened  patch  has  become  fatty  or  atheromatous 
|i  H  is  called  (d^/pT;,  gruel  or  pap). 

The  vessel  now  presents  a  somewhat  deformed  appearance.  If  it 
be  a  cerebral  artery,  these  yellow  thickenings  destroy  its  even  contour, 
and  are  visible  from  the  outside.  They  seldom,  however,  extend 
round  its  entire  circumference.  The  intima  of  the  whole  aorta  may 
be  covered  with  them. 

They  arc  sometimes  iti  the  form  of  button-liko  elevations,  located 
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around  the  openings  of  the  branches  of  the  uter}*.     Th« 
are  occasionally  surrounded  by  these  at  their  pointu  of  origin. 

The  fiitty  {Mitch  of  thickening  may  cither  ulcerate  or  cakHf. 
Where  ulceration  occurs,  it  shows  itself  first  at  the  centre.  The  ittxi 
jiart  softens  and  discharges  it«  contents  into  the  channel  of  the  nmi 
A  ragged  ulcer,  with  undermined  edges  and  a  rough  ScMir,  it  llmUl 
whoso  margins  may  subaoquently  become  calcareoiu ;  or  the  nkv  ■; 
]ienetrate  deeper,  and  by  thus  weakening  the  wall,  pndkpoit  la 
aneurismal  dilatation. 

The  patcli  may  also  calcify  without  ulcerating  iboi 


;i 


Pia.  IM  —  ATanum^Tuoa  ABmum*  ( x  40  Di«in.)il 
(<i)  ColUUnlly  Uitsktaad  ttialea  iBUmk ;  <>) ■IhMU—lniM  |wrt  of  ium  ;  (f>  an 
iiat«l  MppiKiir  thi  aUirruraitaiu  put :  (4)  tamla  •dnatttti  oaaii«nUv«l]r  iiiiiW— 

a  calcareous  scale.      Such  scales  ore  liable  to  becaae 

from  their  uttachmcnts,  and  may  then  be  carried  off  as  enboli  wilk 

the  l>loo<l  stR'iini. 

Microscopic  Appearances. — The  thickening  preaeata  a  deathcul 
structure.  Numbers  of  round  and  spindle-shapml  cella  viUi  daJioMa 
bundles  of  Hbroua  tissue  chiefly  compo«u  its  substaaoe.  Hmtb  it  •■ 
abaence  of  blood-vessels  within  the  thickening,  a  ctreamataaM  wikk 
maj  account  for  its  inherent  tendency  to  become  fatty. 


CH^F.  XLtll 


DISEASES  OF  AHTEIUES 


G63 


The  atheromatous  degeneration  always  commences  at  the  jiart  of 
the  thickened  intima  farthest  away  from  the  blood  stream,  that  is  to 
I  say,  at  the  part  nearest  the  nuiscularis.  It  usually  de.stroys  tho  inner 
elastic  lamina  as  well  as  the  sclerosed  iiitima.  A  few  black  spots 
mako  their  appearance,  which  shortly  afterwanls  coalesce.  The  tissue- 
disintegrates  and  softens,  and  a  small  cavity  results.  Within  this 
cavity  are  conUviucd  granular  debris,  oil  globules,  and,  pretty  often, 
cholesteriiie  crystals.  The  free  surface  of  the  thickened  intima  often 
remains  unbroken  until  the  fatty  degeneration  has  proceeded  far 
w'ithin  tlie  deeper  parts,  The  muscularis  may  subsequently  become 
involved  in  the  degeneration. 

Sites. — The  ardi  of  the  aorta  is  undoubtedly  the  commonest,  ami 
the  descending  portion  of  the  same  vessel  comes  next  The  iliacs  are 
frequently  affected,  and  the  c-erth-al  arterifs  at  the  liase  are  specially 
prone  to  the  disease.  The  Hileries  of  Uu  limbs  do  not  suffer  so 
frequently,  nor  does  the  2>"('i"^>'^">'!/  'H'loij,  although,  if  tliR  latter  be 
carefully  examined,  it  will  l>e  found  U\  be  more  commonly  atheromat- 
ous than  is  ordinarily  supposed  {see  Kattonc,  Xo.  133,  ix.  li,  1885). 

Effects. — Loas  of  elasticity  might  of  course  be  presumed  to  be, 
and  actually  is,  a  common  result.  Whfre  the  discjise  is  at  all  ad- 
vanced, more  or  less  distension  of  the  affected  vessel  will  usually  be 
found,  and  this  frequently  assumes  the  form  of  an  aneurism.  Tlie 
disease  is,  in  fact,  the  usual  jjredisposing  cause  of  aneurism. 

Causes. — Buth  this  and  the  obliterative  form  uf  arteriitis  are  said 
to  be  sijphUitic  in  iheir  origin.  The  atheromatous  variety,  however, 
is  certainly  not  always  so.  It  seems  to  be,  most  often,  a  disease  of  old 
age.  It  is  more  common  in  males  than  in  females.  Gout  and  rheu- 
matism have  been  alleged  to  predispose  to  it.  Israel's  experiments 
(No.  13,  IxxxvL  1881,  p.  299)  seem  to  show  that  it  is  also  connected 
with  chronic  disease  of  the  kidney. 

Simple  Fatty  Degkneration  of  Intima. 

In  a  large  number  of  aorUe  small  superficial  streaks  or  minute 
patches,  with,  occasionally,  a  trellis- work-like  or  feather-like  arrange- 
ment, will  be  detected.  They  occur  in  individuals  past  middle  life  with 
great  fre(|uency,  and  Vireiiow  (No.  236,  p.  15)  has  dniwn  attention 
to  their  presence  in  young  chlorotic  persons.  They  cannot  be  re- 
garded in  the  same  light  us  the  raised  fatty  patches  just  described  in 
endoarteriitis.  They  appear  rather  to  be  points  of  simple  fatty  de- 
generation of  the  intima. 

Lilerotiire  on  AtheromtUom  Arteriitis. — Coats:  Gln«g.  Med.  Jonrn.,  xxvii.  1887,  p. 
265.  Cohn  (Bone  Formation  In)  :  An'li.  f.  jiatli.  Aimt.,  cvi.  188(3,  p.  378  ;  alto,  Teb.  d. 
Verchnl.K.'l]i-rmig  d.  Artorien,  188(3.  Greenfield  :  Traus.  Path.  3oc.  Lotid.,  xivi.  1875, 
]i.  136.  Gutfliann:  Ueb.  chrou.  Endoarteriitis,  1874.  Israel:  Arcli.  f.  |«tli.  Aliat., 
iJtxxvl.  ISSl.p.  299.  Lister  (Coagulntion  in):  E.liu.  Me<l.  Jouru.,  iii.  1858,  p.  893. 
LSwenfeld  :  Wien.  iiie.1.  Wool>en«chr.,  xxviL  1877,  pp.  991,  1015,  1(1.39.  Martineau 
(Pulni.  Arterj')  :  Compt.  rend.  Soc.  d«  BioL,  iii.  1862,  p.  163.     Mayet  (Pulni.  Artery)  : 
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Lynn    nii-d.,    Tiii.    1873,  p.    98.      Moxon :   Gnj'n  Hoiq*.   lUfv,   «t    l«7t.  ^ 
Pathology  of  Microscopic  Arteries:  Brit.  kuiI  For.   >I»«L  Oiir.  Rrr  .  tltn.  W 
p.  285.     Talrn*  :  Anli.  f.  palli.  .\iu»t.,  Ixxrii.  1879,  p.  242.     Vircbow :  Vn 
Wochnichr.,  i-i  1856,  p.  809;  <■/<>.  .^reli.  f.  |«th.  Anat.  Ixx^iL  ie7»,  t^  fttiOm. 
Abhandl.,  1862,  p.  496.     Zahn  :  .XrcU.  f.  juitli.  AuaL.  UziL  1»78,  f.  Hi. 


(2)  ARTERFITIS  OBLITEKASS, 

584.  History. — In  the  year  1874,  Heubncr  (Xa  3'2 
nil  elaborate  monograph  on  the  subject  of  the  oblitereti 
tion  from  whicli  tlie  arteries  of  the  bmin  suffer  in  tertiary  n]>hilii. 
Wilks  (No.  G.'i,  ix.  18G3,  p.  45)  had  prcviou&iy  drawn  attentkiD  to 
the  disease,  which  he  described  as  Wing  "of  a  fibroid  diancMa- 
emplificd  by  a  thickening  of  tlie  coats  of  the  renels  anil  the  pnfar 
tional  diminution  of  their  calibre."  He  also  distinguii>h«d  b<4«in 
this  A-ariety  of  arteriitis  and  the  atheromatous,  Moxon  (Na  59.  l*W. 
ii.  p.  435)  had  likewise  given  a  graphic  description  of  the  naktd^Tf 
api)earances  of  the  disease. 

To  Ueubner,  however,  is  due  the  credit  of  dewonstrating  tbst  ik* 
disease  essentially  consists  in  an  obliterative  thickening  of  the  tania 
intima.  That  tlu-re  is  a  special  form  of  oblitcratire  artinJ* 
associated  with  uyphilis  does  not  appear  to  have  been  clearly  reenf- 
nised  previous  to  Uetibner's  publication,  many  u  the  trorks  faawWia 
on  the  subject. 

Since  then,  the  disensc  hiis  btn'n  shown  bj'  FricdI.i 

Giiwers,    Kuumgiirt«n,  and   ti  )_^^ 
Hibliography)  not  only  to  be  aoaodated  vitk 
syphilitic  defiosits,  but  to  have  a  mndi  vitUr 
range  in  patholog}'. 

Naked-Eye  Appearances.— Th^Te^A 
of  thf    l>rain  must   \k-  i<gunle<l   as  tboM  in 
which  the  disetise  dcvelo|is  it«eU  moat  t^ 
cally.     It  aiTecU  the  smuU  artcnee  hy  \ 
cnce.       Tlicy    present    a    univeraal 
hardness,  their  lumina  may  jiut  be  ; 
or  may  be  quite  closed,  .•in<l  there  is  ; 
of  the  yellow  patches  seen  in  the  at 
or  disease. 

Although  the  outlini*  of  th«  reeaei  i%  ff  • 
rolo,  nnifonu,  yet  it  may  hapjien,  that,  here  and  thi^rr  along  its  eeam^ 
there  are  annular  thickenings.  These  are  the  reauil  of  a  ccUlkr 
deposit  in  and  around  the  tunica  adventitia. 

lUomgartrn  (So.  13,  Uxxrl  1881,  p.  186)  nfciB  IfNaiany  to  thtN,  *ai  rIm  • 
ilnwing  of  tb«m  (are  Fig.  197).    He  Inoki  n[ion  them  in  tlie  linht  of  mull  (uaaMla 

Microscopic  Characters.— The  disiasc,  like  the  albenanatsas 
it  e-^^entinlly  one  of  the  tunica  intima,  but,  as  just  aatd,  tlM  si* 
ventitia  may  also  become  infiltrated  with  the  syphilitic  effbaioia.    Ikf 


Fio.  197.— Xotx-ijiiiTniiimiAKw 
OK  SrrHii.iTtc   AaTxhi 
THI  Dkaix. 
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intima  assumes  the  Bame  sclerous  a[i])earance  as  in  the  atheromatous 
disease  with  the  exception  of  the  thickening  being  uniform  and  not 
liecoining  fatty.  The  thickened  intima  has  a  tendency  to  encroach 
more  and  more  u{)on  the  channel  of  the  vt'ssel,  and  finally  to  obliterate 
it.  Small  blood-vessels  are  also  jirojected  into  it  from  the  other  tunics, 
and  it  is,  probahl}*,  on  this  account  that  the  thickened  intima  does  not 
liecome  atheromatous. 

It  seems  likely  that  all  the  nucleatetl  structures  of  the  intima 
participate  in  forming  the  new  tissue.  The  inner  elastic  lamina 
remains  complctelj'  unnlt^rpd.     It  is  questionable  whether  the  endo- 


\ 
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FlO.  198.— AXTKRIITIH  08UTEEUX8,   SrpMIUg  or   llHAlX   (xAODUMS.) 

(ii)  hln(M].clot :  (h)  Inner  Uyer  of  thickeDal  tnnicn  inllnm ;  (r)  outer  layer  of  nine ;  (li)  iun«r~eIut,lo 
latnliM ;  (c) itiiueiiluls ;  (/)  tlilckennl  «ilventltia  (Pemstulc  nejil  mul  FamnU). 

thelium  actually  takes  part  in  the  thickening.  It  probably  does  not, 
because  the  intfrinr  of  the  vessel  always  has  a  perfectly  smooth  outline. 

The  muscularis  is  <«oldom  affected,  but  the  adventitia  is  not 
infrequently  pervaded  with  a  small  cell  effusion,  which  accumulates  at 
parts,  so  as  to  give  rise  to  the  nodular  swellings  before  referred  to. 

Points  of  distinction  between  this  and  the  Atheromatous. 
— (1)  The  disease  affects  small  arti-ries  in  jueferenco  to  large;  {'2) 
the  thickening  of  the  intima  is  symmetrical ;  (3)  the  sclerous  tissue 
becomes  vascular  and  does  not  tend  to  fatty  degeneration ;  (4)  the 
disease  results  in  obliteration  of  the  channel  of  the  artery,  and  does 
not  predispose  to  aneurism  ;  (5)  it  is  usually  accompanied  by  other 
uneqitivocal  signs  of  the  S3'philitic  constitution. 


CG6 


THE  BLOOD  VESSELS 


nnw 


Causes. — Tertiary  sypliilii  may  be  SAid  to  be  Uie  most  dined  «ad 
thui  whicli  acta  moat  univeraall}'. 

In  cirrhosis  of  the  k\dne>i  a  thickening  of  the  iuuer  coat,  in  ajipauuc* 
similar  to  that  of  syphilis,  is  constantly  found  In  the  ukanttif 
\yaT\j6  of  a  phthisif/il  lung  many  of  the  branches  of  the  pulmonary  W17 
are  in  a  state  of  complete  obliteration  from  a  like  thicimung  ef  ikir 
inner  coitt.  The  <r«,Ws  of  thf  fd-tus  which  bocomo  futictioaaOy  W0i 
after  birtli,  are  cluscd  by  the  same  means  ;  and  tb«  artcriM  ol  tb» 
pitgiuiiit  xUerus.  become  reiluced  in  size  and  in  part  eloMd,  mfa«iq|iM% 
to  utero-gostation,  by  a  simiLir  thickening  of  tlieir  intima.  Upxknl 
pessels,  and  those  filled  with  a  thrombutt,  heal  by  the  same  liypetpbai 
of  their  inner  coat  (see  Secta.  210  and  211). 


/%:^ 


Fw).  too.— CuMCim  or  jl  mtku.  AanaT  Airn  Li<utr»a  (  m  16  Di4j».) 
(a)  Tonlo*  mtvcntltia ;  (»)Ut)ek«Mdtaalc»lBtiiM:  M  taaw  ttoiOe  l«f»  (T**"  f»»wi«« 


It  may  be  questioned,  however,  whether  the  tbiek«ntiig  id  tk< 
intima  can  be  regarded  aa  inflammatory  or  reactive.  It  oftNlNht 
more  .13  if  it  were  an  overgrowtii  of  hbrous  tissue,  caused  by  Ike  VktA 
ccasirii;  to  circulate  through  the  vessel. 

Effects. — As  the  arteries  in  course  of  time  become  inmarviiM^  i 
natiu'ally  follows  that  the  nutrition  of  the  fnrts  sii]ii>lieu  by  tlMfB 
must  be  impaired.  In  the  case  of  the  brain,  circumscribed  softMiiiip 
are  among  the  commonest  results.  Tliey  give  rive  to  local  paniyai 
of  the  various  cranial  nerves.  When  the  root  of  the  fifth  bwiMl 
involved,  severe  cephalic  neuralgia  may  be  one  of  the  most  provtert 
symptoms.  Whore  the  disoaao  occurs  in  |)roc«88  uf  ulcerative  de■tra^ 
tion  of  an  organ,  such  as  that  of  a  tubercular  lung,  it  may  hav*  a 
salutary  etfoct  in  preventing  fatal  luemorrhago.  As  a  strictly  ana]ii(oa 
process  constitutes  the  means  by  which  ait«ric8  are  doxd  iHmb 
Ugsturcd,  and  by  which  the  tcnijioriiry  vessels  of  festal 
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obliterated,  it  subserves  a  useful  purpose  in  these  cases.  It  seems, 
also,  in  a  manner,  to  lend  acIHitionuI  su]iport  to  the  branches  of  the 
renal  artery  in  cirrhosis  of  the  kidney,  ami  thereby  aids  in  preventing 
dilatation. 

I^Urainre  on  Arlfrit'tiji  Ohfitrram. — Batimgarten  :  Arcli.  f.  path.  AvnU,  IxxiiL 
1878.  p.  90;  IM.,  lixvi.  1879,  \>.  2t!8 ;  Ixxwi.  1S81,  p.  179  («ee  other  referencet  in 
Blbliog.  Aooonipanyiug  the  la.st).  Biftch  f  r'nlin.  Art.  Steno.4tM| :  Mittti.  il.  Vcr.  d.  Aerzt« 
in  Nied-oest,  Wien,  xi.  1.SS.1,  p.  29?.  Bristowe  :  Trans.  Path.  Soo.,  i.  1869,  pp.  21, 
44,  and  .'i?.  Friedlilnder:  Ceutralbl.  f.  il.  meil.  Wisjit'imclj.,  xiv.  1873,  p.  65. 
Gowers  :  Traun.  Path.  Soc..  iinii.  lS7iI-7,  p.  28i!.  Greenfield:  Traun.  Path.  8oc. 
IxiikI..  xxviii.  1876-7,  pp.  258,  27*2.  Guenau  de  Mussy :  Ardi.  fiin.  de  raid.,  1872, 
ij.  ji.  129.  Heubner:  Die  luetiM'he  Erkraiikiiiii;  i!.  Hiniart«ricu,  1874  ;  v.  Ziemswik's 
Cy.-lop..  Eiig.  Trail*.,  xii.  1877,  p.  293.  Jackson  (H.)  :  Lou.l.  Hosp.  Rep.,  1868. 
IMiddendorp  irnliu.  Art.  8t«iio.sin) :  Intemat.  Moimtiichr.  f.  Anat.  ii.  Hintol.,  iii.  1886, 
|..  2:J9.  Moxon  :  Lancet,  1869,  ii.  p.  436.  Peabody :  Med.  Rtc.  N.  Y.,  xxx, 
1886,  p.  t).").      SatUldby  :  Journ.  An.at.  and  Physiol.,  xvii.  1882-3,  p.  ISO. 


(3)  ACUTE  PURULENT  ARTERIITIS. 

585.  This  is  usually  an  accompaninient  of  pyicmiu. 

According  to  Jjtccoiid  (No.  330,  p.  813),  tho  disease  is  ushered  in 
by  an  injection  of  the  vasa  vasorum.  Tlie  coats  of  the  artory  become 
acutely  intiamod.  Pus  forms  betwetin  them,  and  often  sjireuds  so  as 
to  dissect  the  one  from  the  other.  An  abscess  may  develop  round 
the  arterj". 

The  intima  Iwcomes  roughened  from  the  multiplication  of  cellular 
elements  ui^n  it*  surface  (Coniil  ct  KAUvier,  No.  255,  p.  493). 

A  clot  is  usually  precipitated  over  tho  roughened  wall  of  the  vessel, 
partially  or  completelj'  obliterating  the  channel.  There  is  sometimes 
an  intimately  adherent  tliroud)U8  with  a  secondary  clut  over  it. 
^Consult  Virchow,  No.  13,  i.  1847.  p.  272). 

Literature  OH  Amte  Suppurative  Arii-riitid. — Comil  and  Ranvier :  Miiimol  Path. 
Hidtol.  (Eng.  Tmn>i..  1882),  p.  491.  Jaccoud :  Traite  dc  path,  iutcrrn-,  1877,  \>.  813. 
Strog^anow  :  Aruh.  d.  phyHJoI.  norm,  et  ^mth.,  iii.  1876,  p.  325.  Virchow :  Arch.  f. 
path.  Aiiat.,  i.  1847,  p.  272. 


(4)  ENDARTERIITIS    VERRUCOSA. 

59'(). — Under  the  term  "  EtidarliJrite  verruqiieuse,"  Lancen'aux  (No. 
329,  PI.  xxiv.  Fig.  2)  figures  a  condition  of  the  femoral  artery  charac- 
terised by  rounded  wart-like  projections  on  the  intima  vrith  patches  of 
what  he  calls  vascular  injection  here  and  there.  Zahn  (No.  13,  IxxiL 
1878,  p.  214)  describes  a  very  remarkable  instance  of  the  disease,  in 
which,  growing  from  the  intiimi  of  the  aorta  and  iliacs,  there  were 
several  of  these  rounded  wart-like  projections.  They  varied  in  size 
from  a  pin's  head  to  a  j>ea,  the  vessels  from  which  they  sprang  being 
otherwise  healthy.  They  had  a  smooth  surface,  and  were  of  the  same 
frlour  as  the  tunica  intima. 

He  thinks  it  possible  that  they  may  have  been  organised  thrombi, 
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and  doubts  whether  the  nodular  musM  daacribed  by  Lancemox  «m 

of  the  sarae  nature. 


(5)  ACUTE  MALIGNANT  ARTKRIITIS. 

587,  A  disease  similar  to  malignant  endocarditis  k 
although    rarely,    met    trith    in    the    aorta    (acut«    aortitia).      Ai  ill 
malignant  endocanlilis,  it  may  {KMsess  a  proliferative  or  an  til<cntiTT 
tendency.     Vegetations    of  a   fleshy  con(ii%toncc   are   found  ciuiat«l 
either  on  an  acutely  indurated  and  thickcnoil  patch  of  the  intioii^  a 
upon  an  old  abrasion  caused  by  previous  atheromatous 
They  are  identical  in  structure  with  endocardial  vegrUtionc 

Bomeque  (No.   49,   1883,  iL   p.   158)  sUtes  that  in  mOI 
new  blood-ve.ssels  may  permeate  the  entire  wall  of  the  VAMcL 

Micro-organisms  are  usually  found  in  abundance  on  the  nnfMaial 
within  the  substance  of  the  vegetations.     There  is  always  ac 
of  septic  contamination. 

(6)  I'ERIARTERllTIS  {CUARCOT). 

688.  The  suppurative  form  of  inflammation  of  art«ri€ 
mainly  localised  in  the  adventitious  coat  or  in  the  adjacent  molir 
tissue,  (-'harcot,  however  (No.  331,  p.  284),  has  desrribod  anotks 
form  of  periartcriitis  which  is  not  suppurative  but  which  UtAk  tA 
miliary  aneurism.  The  vessels  of  the  brain  are  its  sfiedal  saila 
The  disease  ma}'  possess  all  the  coats  of  the  vessel,  but  does  bc< 
affect  them  situultaneously.  It  progresaea  from  without  inwsrd^  a*! 
commences  by  a  small-cell  de|x>sit  in  the  adventitious  coat  Al  atlac 
times,  however,  there  is  only  a  more  or  less  marked  thickaoiBg  of  IIm 
membrane,  so  great  that  it  may  be  equal  to  the  calibre  of  Ui«  xmuL 
This  cellular  accumulation  in  tho  adventitia  tends  to  caiti*  atrofiby  urf 
weakening  of  tho  muscidaris,  and.  so,  predispous  to  anevinMl 
dilatation  (see  miliary  nnfurvsm).  The  inner  coat  i»  leaat  aekkB 
affected. 

The  capillar}'  vessels  are  sometimes  similarly  diseased,  or,  it  W0J 
be,  the  larger  arteries  at  the  base.  The  amall  arteriea,  howerw,  an 
those  in  which  it  commences  and  is  best  marked 


(7)  I'ERIAUTKRIITIS  NOIHiSA. 

589.  Kussnmul  and   R.    Maier   (No.    20H,    i.   p.    4H|i  dti 
peculiar  disease  of  the  arteries,  chiefly  of  arteries  of  like  or  of  le*«  i 
than    the  coronary,   and    specially  of  those  supplying  the  intcatiM. 
stomach,  kidneys,  spleen,  heart,  and  voluntary  muscles.     Thejr  p% 
the  above  designation. 

The  vessels  are  at  some  points  dilated,  at  other*  oootnetod,  i 
to  cause  great  deformity.     Tho  outer  coat  of  the  Te«el  b  dU 
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infiltrated  with  a  cellular  deposit,  the  muscularis  ia  fatty,  while  the 
intima  is  comparatively  unaltered. 

I*-  Meyer  (Nn.  13,  Ixxiv.  187S,  [i.  277)  rewmnt-H  ttifi  |iartic«lar.i  of  what  aivjicarH  to 
hare  b«eii  an  in«taiic«  or  tliis  disfase.  There  were  oval  or  roiititled  tuttiaurs  or 
various  size  upon  several  dilTerent  arteries  supplying  such  ports  as  the  nmscles,  tJR- 
thyroiil  glauJ,  the  tongue  or  mucous  iiienilirane  of  the  jiharyiix,  and  upou  the 
atnaller  arteries  of  the  ahdouicQ,  etc.  The  nodules  were  aueurisninl,  and,  the 
moscnlar  coat  being  ruptured,  their  wait  was  mainly  composed  of  the  adveutitia. 
The  adveutitia  wns  infiltrnted  with  eelU,  and  the  sat  frequently  contained  a.  thrombus. 


CAtCIFICATION. 

590.  As  a  result  of  atlieromfttous  eiidju'teriitis,  the  thickened  patches 
on  the  affected  vessel  usually  become  calcareous.  It  by  no  means 
always  hapi>ens,  however,  that  the  impregnation  is  a  result  of  atheroma. 
Many  arteries  seem  to  become  calcareous  without  any  preceding  (lisease. 
The  small  arteries  and  capillaries  of  the  brain  are  occasionally  so  calci- 
fied that  they  project  as  bristle-like  boiHes  when  the  organ  is  incised. 
The  nidials  arc  also  frequently  calcareous  throughout  their  entire 
course ;  and,  in  such  cases,  the  infiltration  is  so  universal  that,  when 
dried,  the  vessel  may  resemble  a  tube  almost  continuously  calcic. 

Not  only  an  impregnation  of  the  coats  of  the  ves.sel  may  take  place — 
a  mere  cjdcificAtion — but  a  true  bone-formation  may  also  ensue. 
Cohn  (No.  13,  cvi.  1886,  p.  378)  describes  and  figures  such  bony 
deposits  in  arteries,  and  the  condition  is  also  referred  to  by  Orth  (No. 
328,  i.  p.  225). 

An  artery  which  is  merely  hypertrophied  and  under  high  tension 
is  often  mistaken  during  life  for  one  which  has  become  calcified. 

Literature  un  CiticiJicatioH  and  Otsific'ition  of  YeiufU. — Cohn  (Osjiitioation):  Arch,  f. 
t>sth.  Aaat..  evi.  1886,  p.  378.  Fdrster :  Atlas  d.  luik.  path.  Anat.,  1854. 
Hubrich:  Zeituchr.  f.  Biol.,  ii.  p.  377.  Kiittner  :  Arch.  f.  path.  Aiiat.,  Iv.  1872,  p. 
.V2I.  Sankey  (in  Brnin) :  IVaus.  path.  Soc,  xvii.  1866,  p.  S.  Simon  :  An-h.  f.  path. 
Anat,,  Iv.  1S72,  p.  534.     Virchow  :  Arch.  f.  path.  Anat.,  viii.  IS.'-.I,  p.  103, 


Hypkrtrophy  of  Muscular  C!oat. 

591.  Wherever  increased  strtiin  is  brought  to  bear  upon  the  wall 
of  an  arteriole  from  the  blood  within  it,  there  is  a  tendency  to  its 
muscular  coat  becoming  hypertrophied.  In  chrfwm  of  the  kiilnet/,  the 
smiall  branches  of  the  renal,  and  many  of  the  arteries  throughout  the 
body,  become  thickened  from  this  cause.  In  cirrhosis  and  various 
other  diseases  of  the  luntj,  the  small  branches  of  the  ])ulmonftry  also 
react  in  the  same  manner.  In  chronic  lead  poisoning,  there  is  also  u 
tendency  to  a  general  hypertropliy,  but  it  is  a  question  whether  this 
may  not  be  in  great  measure  dei>endent  upon  the  ciiThosis  of  the 
kidney  which  so  often  accompanies  the  disease. 

The  increase  in  the  fibre  appears  to  be  numerical. 
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Johiuon  {Ho.  102,  xxriii.  1877,  |>.  381)  »u(ipo»i«  that  thr  hypattnfilijr  «f  tW|i^ 
pheral  arteries  in  cirrbotiu  discoio  of  the  kidney  is  du«  to  their  bdan  tla«n  kh 
contnKtioii  by  having  to  circuluto  impuro  blood. 


592.  Definition. — The  local  dilatation  of  ui  artery  or  Mt  •( 
arteries  into  u  tiimour-like  sac;  or  the  production  of  ■  tae  inm  t^ 
surrounding  tissues  which  i-s  fierroeaied  l»y  circulaiin.^  hluod  «]<ma< 
from  an  adjacent  artery. 

Varieties. — Thu  terms  true  mmSl  false  nnnirisiH  are  ofien  CBflnjil 
By  the  former  is  meant  an  aneurism  who."!*!  wnll  it  compoaed  of  ujd 
the  coats  of  the  artery  in  which  it  ori^iimti-ti ;  by  tbo  bUar  om  B 
which  the  wall  is  the  result  of  a  comlt^iiaution  and  adbonoo  of  tb 
neighlMJuring  tissues. 

Afuaifimn  awiirUm  is  one  in  which  tbo  ditttenMon  of  lh«  Tfilii 
unifonn.     It  bos  an  oval  or  spindio  8hap«. 

A  siuxiUitr  anfurifm  is  a  rounded  sac  springing  from  one  aide  uf  iia_ 
artery. 

The  term  cii»>i<l  anfuitwi  {Kipirit,  varix)  is  applied  to  a 
vascular  swelling,  due  to  a  number  of  small  arterirs  in  a 
locality  having  become  diluted. 

By  lyiriojsf  anturiam  (aneuriama  vahcomxm)  ia  luidentood  a  oooditm 
in  which  an  aneurism  bi-comcs  adherent  to  a  vein,aQd  wiiere,  in  contv 
of  time,  a  communicAtioti  is  established  between  them.  The  aaouis, 
in  sue!)  a  case,  may  be  tnie  or  falsr. 

The  t«rm  anntristnal  vurir,  on  the  other  hand,  i«  applied  to  tke 
tumour  wliich  results  from  an  tatery  and  vein  having  bo«a  riaat 
tant'ousl}'  wuuniled,  as  in  perfonning  phlel>utoniy  at  the  bend  of  ti' 
arm.  The  arU-'tial  blood  is  poured  into  the  vein,  which  hfuwma  d» 
tended  into  a  varix  or  aneurism-like  pouch  by  the  ioeroMed  praaat 
from  withifL 

A  dissfding  aneurism  is  caused  by  the  blood  forcing  its  way  betfW 
the  coats  of  the  artery  and  separating  them.     Dissecting 
arc  common  in  the  brain. 

The  cx|)ression  dijfuie  anmritm  is  sometimea  emphtyod  to  <bM 
n  false  aneurism  which  haa  apread  widely  along  tlie  ahaalia  et  mat 
or  other  natural  barriers. 

Sites. — The  commonest  are  (1)  the  arch  of  th«  Micta;  (S) 
vessels  of  the  limbs  and  neck  ;  and  (3)  the  ccwbral  arterm. 

That  of  the  aorttc  arch  may  t»e  com|>08ed  of  the  coata  of 
vessel,  or  the  greater  extent  of  the  sac  may  be  eotMtttut««i  by 
mlhervnt  Ixmndaries  of  one  of  the  metliixstina.     TIk 

wall  of  the  vessel,  in  tlie  latter  case,  has  often  a  puncli'  

the  margins  of  its  stretched  and  lacerated  tisstiea  being  eootuitwai  vtt 
the  false  |jart  of  the  sac. 

The  aneurism  is  seldom  situaUKi  on  the  intni-}K>ricardial  part  of  I 
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vessel,  but,  more  commonly,  upon  the  upper  end  of  the  ascending  and 
upon  the  transvei-se  part  of  tho  arch. 

It  sometimes  reaches  iiii  enormous  size,  and  may  thus  press  against 
the  sternum.  The  sac  becomes  adherent  to  the  bone,  and,  in  course  of 
time,  erotles  it  so  completely  that  it  may  protmde  through  it.  Rup- 
ture of  such  an  aneurism,  however,  even  where  it  has  come  close  to  the 
surface,  is  rare.  It  may  le;ik  from  time  to  time,  but  sudden  nipture  is 
unusual 

Aneurisms  of  the  descending  part  of  the  aorta  are  usually  adherent 
to  tho  spinal  coluniti.  One  or  more  of  tho  bodies  of  the  vertebrae 
are  liable  to  erosion  ;  the  spine,  in  fact,  may  constitute  the  posterior 
Ixmndary  of  the  sac. 

Aneurisms  of  the  limbs  or  neck  are  commonly  saccular.  The 
parts  whicii  are  pushed  aside  by  the  sac  are  often  condensed  into  a 
spurious  caixsule. 

Contents. — More  or  less  old  laminated  clot  will,  as  a  rule,  be 
found  within  the  sac,  often  with  a  mass  of  recent  coagulum,  The 
lamina)  become  much  condensed  in  old  aneurisms,  and  assume  a  half- 
fibroua  appearance.  In  a  large  sac,  like  that  of  an  aortic  aneurism, 
they  do  not  show  the  slightest  tendency  to  organise  (see  p.  302).  The 
wall  of  tho  sac  is  in  such  a  morbid  state  that  it  fails  to  furuisli  the 
necessary  elements  for  organisation. 

Such  dense  laminated  clots,  however,  subserve  a  useful  purpose  in 
compensating  to  a  certain  e.xtent  for  the  lost  resistance  of  the  dis- 
tended vessel  They  may  lie  in  the  sac  for  months,  and  even,  there  is 
good  reason  to  Iwlieve,  for  years,  without  suffering  any  degenerative 
cbang& 

Hyaline  degeturatwn  of  the  contents  is  described  by  Meyer  (No.  4,  vii. 
1880,  p.  598).  The  thrombus  Incomes  permeated  by  a  network  of 
canals  in  which  the  hyaline  substance  accumulates. 

Cause. — The  starting  point  of  most  of  the  aneurisms  of  the  larger 
trunks  is  an  atheromatous  endo-arteriitis.  This  weakens  the  coats 
of  tlie  vessel,  and  allows  the  arterial  bloofl  [iressure  to  force  the  wall 
outwartls. 

Relation  to  Sex. — Anetu-isms  of  the  aorta  and  other  large  trunks 
are  commonest  in  males.  It  has  been  asserted  that  the  reasons  for  this 
are,  that  males  suffer  more  often  from  syphilis  tlian  females,  and  that 
they  are  exposed  to  greater  muscular  strain  from  the  nature  of  their 
avocations. 


CEREBRAL  ANEURISMS. 


The  main  branches  of  the  cerebrals  at  the  base  are  occasionally  the 
seat  of  moderate  or  even  large-sized  aneurisms.  Coats  (No.  264,  1881, 
i.  p.  41 5)  has  drawn  attention  to  these  as  a  cause  of  cerebral  haamorrhage, 
and  Bnimwell  (No.  19.  xxxii.  1886,  p.  911)  and  others,  have  recorded 
aneurisms  in  this  locality  of  great  bulk.     It  is  probalily  because  they 
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receive  such  equable  support  on  all  Bides,  that  the  bual  Tiwwk, 
suffer  80  commonly  from  atheromatous  disease,  are  not  oftMMf 
ismal. 

A  more  usual  form  of  aneurism  of  the  cerebr&I  reiaeU,  liowevtr,] 
that  figured  by  Cruveilhier  (No.  332,  Pt.  xxxiiL  p.  442),  and 
described  by  Virchovr  (No.  13,  iii.  1851,  p.  437X  which,  in 
times,  was  made  a  subject  of  special  study  by  Charcot  and  Boaehiri 
(No.  333  j  aim.  No.  4.  L  ISCiS,  pp.  110,  127  rt  tfq.;  aUo,  Mo.  Ul, 
p.  291).  The  name  miliary  h  ut^ually  applied  to  th«M  anwirti 
They  are  almost  always  multiple,  and  are  most  oftrn  loen  upon  tie 
surface  of  the  convolutions  or  at  the  depths  of  ihe  sulcL  They  nuj  ht 
situated  superficially  over  the  basal  ganglia,  in  their  substaooe,  or  ia 
that  of  the  hemispheres  generally.  They  are  often  over  a  hnadnd  d 
number,  and  can  be  readily  detected  with  the  naked  ey«,  beii^  In* 
^  to  I  mm.  in  breadth.  They  are  either  saccular  or  tanSarm  i> 
shape,  and  are  a  frequent  cause  of  cerebral  hDemorrhoge. 

Charcot  tracts  their  oripn  to  a  perinrteriitK     Th«  motlU  boeaa 
the  infiltrmtion  of  the  adventitia,  sad  allow*  the  expansion  to  tak*  plaei. 


LitmUure  on  Anturiwm  of  VamU. — Onunlt  the  varioae  Tert-hooka  i 
Barlow  :  Transact  Path.  Soc.,  xxix.  1A78,  p.  8.  Bartholow :  Am.  Joara.  Ibi  fc. 
1872  :  Rev.  8c.  m«<l.,  1873.  i.  p.  149.  Bouchard  :  l>chen-li«>  »va  qa*lqMi  V*M>4i 
U  pathogtoie  ilea  h  jiuorrbagiea  (r^n''hnil«>,  180<(  ;  iiZixj,  tuu^.  Tniiu.,  lH7'i.  Bnannl 
(EoormouK  Intracranial)  Edin.  Med.  Jimru.,  xxtii.  188f1,  (•.  911.  CharchZML  !■* 
Hofp.  Rep.,  vi.  1870.  p.  99.  Coats  {\,  mid  <VrKl>r*l  HirinorrhiiXKj  ;  Tru^  UMHL 
U.  Cong:  LoimL,  1881,  i.  p.  -ti:'.  Charcot  i  Mili.try  Braiu) :  8«iiit«  sod  Ckroak  XMmmm, 
New  Byd.  Soc,  1681.  Charcot  and  Bouchard :  Arch,  ft  phjr*.,  L  IMS,  ffL.  IH 
127  rl  ttq.  CruTeiUlier  (Miliary) :  Anat.  |«tli..  il.  1835-42.  llvr.  xiviU.  yl  I.  %  t 
Eichler :  Deut.  Arch.  f.  klin.  Med.,  xxii.  Eppisfl^  (Mdlary):  Afi^  t  f«^ 
Aual,  di.  1888,  p.  40r>.  Fa^^g^e  :  Med.  Cliir.  Tnui*.,  1869.  FriedlAadtr  :  AcA.1 
i>alh.  Anat.,  Ixiviii.  1879,  p.  357.  Gee:  Si.  Barth.  llo»]..  Itcp.,  »iL  \St\,  |l  IH. 
Hlinter  (W.):   Mwl.  Olwrv.  and   In.iuirln.,  ii.    1762.      Krauspe  (IHlTo 

B«rl.  klio.  Wochnachr.,  x.  1873,  p.  121.    Legg:  and  Ormerod :  (firainVi 
Barth.  UoRp.  Rep.  xit  p.  239.    Lioavillc  :  An>  iirvtiiie*  iniliarv*.     Thioe  Am 
Meyer    (Multiple):    Arch.    f.    patlt.    Anat..   Ixilr.  1878,    ]>.   277.      Ma 
raiu'urj'unie  variqucui.  These  de  Paris,    1817.     Pcaberton  :   Mot  Chlr. 
1801.    Qnincke:  v.  ZiemMcna  Cyclop.,  vi.  187(1,  p.  845.     Stimaoo  0 
CaroUd,  and  Jag.  Vein):   New   Yort   .M.d.  Journ.,  itrrili.  188:),  p.  «ll. 
Arch.  r.  path.  Anat,  ill.  1851,  p.  427-    Zie^ler  :  Teit  B.k)V  I'nili.  AtuL, 
8«et.  1-8.  1884,  ^  75. 

Artekio-Cafii.laey  Fibrosis. 

881  In  th«7Mrl872,  Gull  and  Sutton  (No,  34.  tr.  1873,  ^  STt)  i 
thejroaUedaflbraU  dcgf^ncratiou  in  Uie  artvHoleA,  i-apllUrim,  and  Intentltiall 
rarious  organa  i  (1)  in  noturiou*  caica  of  contracted  kidney  ;  (2)  ia  otlivra  «k«w  I 
kidoaya  were  bat  elightly  aflcctod,  and  jet  in  which  the  heart  waa  h]rp«rtra|Ma4 ; 
sad  (3)  in  caacs  where  the  heart  was  hypertrophitfd  wititoat  tlu  pnMBM  il  em- 
tncted  kidney. 

They  believed  tliat  il  waa  a  funeral  diseaae  affecting  the  email  artariea  tKrMt|^bafl 
the  body,  and  that  the  cirrhotic  diseaae  of  the  kidney  wai  not  porely  ao4  M*atitfl|r 
renal,  bat  nmply  part  of  a  unirrrtal  arterial  fibroaii.  The  organt  in  whkk  Ikif 
found  the  artcriea  so  afTccted  were  the  atomach,  aplnan,  liver,  Innip,  kaart,  ami. 
brain,  and  akin. 
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The  co«t  of  the  tmmI  most  implicated  is  the  adventitia,  but  6omctime«  the  other 
tunics  suffer.  Tht  Tewel,  beside*  beiog  fibrous,  lissuoiea  &  IiynUue  Appearance  — 
hence  the  tenn  they  employ,  "Iiyalinc  fibroid." 

The  author  never  remembers  having  seen  this  hyaline  fibroid  appearance  in  the 
ooatB  of  the  tcmmIi  of  the  cirrhotic  kidney,  unless  where  the  organ  had  been  badly 
preparod.  or  whore  the  vessel  was  waxy.  The  small  arteries,  in  this  Jiseaite,  are  more 
fieqaently  waxy  than  might  be  sas|iccted.  The  drawings  given  by  the  authors  in 
another  pajier  (So.  192,  xxviii.  1870-77,  p.  361)  of  this  hyaline  substnucu  in  the 
•pinal  cord,  carry  with  them  the  almost  irresistible  conviction  that,  iu  this  locality 
at  least,  the  hyaline  substance  is  simply  the  colloid  which  Tonus  in  such  abundance 
in  the  cords  of  iguite  healthy  individuals  when  they  are  improperly  preserved  (sM 
"  Nervous  System  "). 

It  was  said  by  Johnson  (Xo.  192,  xxviii.  1876-77,  p.  381)  and  others,  that  the 
hyaline  appearance  described  by  them  was  the  effect  of  the  media  in  which  the  prc- 
]arattons  Imd  been  mounted. 

Litrmhir<  on  A  rtetio-CajnUnri/  Fibfotii. — Atldns :  Brit.  Mt«l.  Jouni.,  1875,  i.  p. 
445.  Diclcinson  :  Diseases  of  the  Kidney,  1877,  Part  If.  |>.  536.  Galabin :  On  the 
conocctiou  of  Bright's  Disease  with  ChaDgex  lu  Va.scalar  Hyatein.  Gull  and  Sutton  : 
Med.  Cliirurg.  Trans.,  Iv.   1872,   p.    273  ;    Tran*.   Path.  Soc,  xxviii.   1876-7,    \>.    361. 

Johnson  :  Traun.  Pstli.  8oc.,  xxviii.  lS7ti-77.  p.  381.     Stewart  (T.  G.) :  Bnl.  Med. 
oom.,  1873,  ii.  p.  277. 


HVALINE  DEGENERATION. 

594.  The  morbid  condition  which  goca  by  this  name,  affocts  sroa]] 
arteries,  capillaries,  and,  it  is  also  said,  minute  veins  (Wieger).  It  con- 
siHt-s  in  the  development  of  a  transbicent  8ul)stAnce  closely  resembling 
the  amyloid  within  the  coats  of  the  vessel,  or  in  the  immediate  surround- 
iags  of  the  latter.  The  vessels  become  constricted,  and  the  circulation 
through  them  is  impeded  or  entirely  sus])cnded. 

Oiler  (No.  13,  IxxxvL  1881,  p.  329)  has  given  a  very  careful  description  of  the 
disease,  as  it  occurs  in  the  veaaeU  of  the  retina,  choroid,  and  optic  nerve.  He  re- 
gaxAi  it  as  an  endartcriitia  whicli,  in  course  of  time,  tenninates  iu  obliteration.  The 
materia]  is  effused  in  nodular  maMes  between  the  endothelium  and  perithelium 
of  the  capillaries,  accnmulates  here,  and  by  ita  bulk  and  elasticity  compresses  the 
channel.  He  traces  its  sotuce  to  a  degeneration  of  cnclothelial  cells  an<l  extra- 
rajateil  coloureil  bloo<l  discs.  The  latter  degenerate  first.  It  makes  itd  a|i]icatance 
in  the  arteries  between  tlic  iutima  and  elastic  lamina,  and  causes  atrophy  of  the  media. 
TIte  elastic  lamina  becomes  wasted,  and  from  the  narrowing  of  the  lumen  of  the  veasel, 
nanaed  by  the  pressure  of  the  substance,  a  widespread  thrombosis  of  the  affected 
veaaels  cnsueii.  The  thrombus  may  itself  sultse<iueutly  become  hyaline,  a  trana- 
formation  which  has  also  been  described  by  Meyer  (No.  4,  vii.  1880,  p.  598)  iu  the 
clots  filling  anenrUnu  of  the  pulmonary,  |iopliteal,  and  other  arteries.  The  altered 
wall  of  the  vessel  and  the  hyaline  thrombus,  under  such  circumstances,  constitute  a 
continuous  hyaline  cylinder  (see  aUo  Obermiiller,  No.  334), 

Whether  the  hyaline  fibroid  state  of  the  vessels  described  by  Gull 
and  Sutton  (No.  34,  Iv.  1872,  p.  273)  in  the  arteries  and  capillaries  of 
the  kidney  and  other  organs,  in  chronic  interstitial  nephritis,  is  !>iniihir 
to  this,  may  be  questioned.    The  hyaline  degeneration  under  considoru- 
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tion,  forms  nodular  deposits  along  the  coarse  of  the  reMch,  •  eeoditiga 
quite  different  from  that  described  b}'  them. 

Chemical  Nature. — Although  closely  allied  to  amyloid  m  [Ai} 
sicnl  properties,  the  hyuliue  in  qnostion  doc«  not  give  it*  naetioM 
with  iodine,  et<:.  According  to  Wicgcr  (No.  13,  IxxviiL  1879,  p.  SI) 
it  remains  diaphanous,  shining,  and  intotisvly  rcfnrtilo  on  hdt| 
treated  with  water  or  salt  solution,  and  shows  no  •welling,  bftt 
solution  gives  a  straw  yellow  crdour,  never  a  hniwni  reaetioii.  It  U  aH 
dissolved  by  ether  or  chloroform,  and  mineral  acids  clarify  U.  It  bi 
a  great  tendency,  in  lymph  glands  at  least,  to  calcify.  B« 
that  it  is  closely  related  to  eUiMin  in  composition. 

LiUmtnrt  01}  U^iUint  Dfiirtui-atitm  <(f  Vttttlt.—Amitz  ArtJi.  I.  |i«U. 
180*.  p.  461  ;  Mx.  l$7U,  \\  :in7.     Conui  :  Journ.  •!>  I'aiut  >t  <la  U  |il>|«l 
1878,  |>.  :i&8.    Meyer:   Anli.  A.  ]>h]r5iol.,  rii.  IHHO,  p.  M$.      NcclacBt 

8eilk.,  IS76,  y.    11!).      Obermiiller :    t'elmr  liyaline  Tliniaib«al4kla«.  ak 
iler:  An-h.  r.  jnili.  Aii:it.,  Kwvi.  18S1,  ]<.  33S>,    Thoma :  AkK  L  MtkAi 
1S77,  i>.  Z-27.     Wedl:  SiUiiu^lfrichU-.  d.  k.  k.    Akaa.  Wim.,  xIrtU.  1M3.  |k  : 
Wieg^er:  Anh.  t,  i>»tb.  Auat.,  IxxviiL  1679,  p.  S5. 


Waxukk  Diskask. 

595.  When  an  organ  or  tiaauo  »  about  to  beeonM  waxy,  it  it| 
the  small  arteries  and  the  capillarica  that  the  first  veatign  of  IIm  i 
I)08it  are  recognisable  (soo  Sect,  \2&).     The  large  artwiM  aad 
usually  escape.     It  differs  from  the  hyaline  de(;enenition  of  ram 
the  nature  of  the  substance  which  occi-sions  thfi  glaM-Hlco  ufpmnaBi, 
and  aljM  in  the  fact  that  this  is  an  infiltration  while  the  hyaU—  kt 
degeneration. 

HuiLiNG  OF  Akteries  (see  Chap,  xix.) 

LitfriUurt  OH  Uenlmg  «f  Arirrifs.  —  Baliancc  aod   Edmnads  (I 
Lonoct,  lS8lt,  L  p.  923.     Burtlacb  :    L'el>er  ilen  Seiiftlebwiiu'ltrn  \wTmdL 
Lee  :  Ht.  (Uox^vt.  Honp.  Ilcp.,  tli.  186S,  p.  31.    Pfitzer  :  An-h.  r.  p« 
187V<,  I'.  3S>r.     Pick  iFoKlottiilimu  in) :  Zt«;hr.  f.  lUilk.  Pni^..  vl.  18«&,  p. 
Arch.  f.  imth.  Aunt..  Ixxv.   1S7S),  p.  4.^1.     Schoitz  :  Vi>\<.  <1.  Vvnwrintme  v. 
etc..  1877.    Senftlcben:  Arch.  f.  iwth.  Aiiat,  bivii.  187S>.  p.  421.    Tbaa 
f.  p-ilh.  Aimt..   xciu.  1883.  p.  443;  xcv.  1884.   p.   294:    dr.    1884  |t.    ««*  <r 
Virchow(Cl(M\irc  of  Artcrie*) :  Arch,  f.  |wth.  Annt.,  vl.  18(3.  p.  M3.     Wan«i: 
[Imllng  ol  Art«rlM  an«r  U^tnre  in  Mad  sod  Animali,  N.  Y.,  1M4L 


.SiMi'LK  Fatty  Dkoknkration*. 

596.   In  old  i)eoplo,  in  ]>or»on8vrho  are  the  aubjecU  of  |ii 
ana?mia,  in  indindualit  poisoned  by  phosphorus,  aod  aoiDctinea  in  \ 
and  .ip|Kircntly  othentise  healthy  {wrsons,  the  small  atteriea  aad  ' 
capillaries  of  the  brain,  and,  with  less  fre4iuency.  thoM  of  other  ( 
Iwcome  fatty.     The  brain  is  the  most  typical  Uttnlf  of  tbed« 

It  (h>es  not  seem  to  he  preceded  by  an  inflammatory  Uikteoiif  it 
the  vessel  wall,  but  appears  to  be  a  purely  d^eaeimtive  ~ 
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moflcular  coat  and  the  nuclei  of  the  capillary  walls  suffer  first     The 
'whole  vessel  subsequently  assumes,  when  examined  microscopically, 
a  iiniform  black  colour  from  the  aggregation  of  oil  globules  in  its  wall. 
It  is  often  a  cause  of  cerebral  or  cerebellar  hsemorrhage. 


Thrombosis. 

697.  Definition. — As  previously  defined  (Sect  206),  A  thrmibus 
ia  a  dot  locally  produced  within  the  heart  or  a  blood-vessel. 

The  vessel  may  be  either  an  artery  or  a  vein.  In  the  one  case,  it 
is  known  as  an  arterial  thrombus,  in  the  other,  as  a  venous. 

Localities. — The  veins  of  Uie  calf  of  the  leg,  the  trank  of  the 


Fio.  300.— Simple  Fattt  DEOEXKRATtoN,  Capillaries  of  Braix  (x300  Diavd.) 

taphena  interna  and  its  larger  subdivisions,  the  femoral,  the  vena  cava, 
the  portal  vein,  and  the  pulmonary  artery,  are  perhaps  more  often 
thrombotic  than  other  vessels.  Several  instances  of  complete  obliter- 
ation of  the  ascending  vena  cava  have  been  recorded  by  Moullin, 
Warren,  and  others  (see  Bibliography) ;  and  even  the  aorta  has  been 
found  closed  by  an  adherent  thrombus  (Jaurand,  Meynard,  and  others). 

When  the  cam  is  occluded,  the  return  of  blood  takes  place  by  the 
a^gOB  veins  and  those  of  the  trunk  which  lie  superficially.  They 
consequently  become  much  enlarged. 

The  portal  vein  has  frequently  been  found  totally  or  partially  ob- 
structed by  an  old  firm  thrombus  (Stewart,  Jastrowitz,  and  many 
others).  If  an  obliteration  limited  to  certain  of  its  larger  subdivisions 
should  occur,  the  capillaries  attached  to  those  which  are  still  pervious 
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become  much  distended,  so  as,  in  parts,  to  ]<nxlure  a  dunctoitt 
nutmeg-like  ap{>earance,  limited  to  cei-t;iin  aretui  of  Utv  cut  uiriitt. 
The  appearance  raicroscopicHlIy.  is  almost  like  that  of 
distended  are  the  f)er\'ioug  cnpillaries.  This  remembUno*  it 
still  more  striking  from  the  facttliat  the  liver  celU  int«rrentiig) 
these  cavernous  capi II, tries  disappear  from  atrophy. 

It  is  often  stated  tliat  when  the  portal  vnin  is  occlajMl,  Um 
becomes  cirrhotic.     In  some  cases  (syphilitic  f)  tl'  is  oujr 

been  really  the  cause  of  the  thrombo«ia,  not  it->  '  'Ut  in 

it  is  probable  that  the  toughness  of  the  organ  racrcty  from  aipiOiij 
distention,  may  have  simulated  a  now  growth  of  iibroiu  1 


Diabetes  mellitu*  i«  •  common  elTwt  of  ooclunon  «rtbe  portal  rata,  ea  •■ 
of  the  blooil  derived  from  the  intestiite,  loftded  with  sugv,  Mag  tvtiuMd  kf 
•tomotic  path*  into  the  grneml  circulattou  without  paMiug  throii(;h  Um  Kw. 

ThromlHMis  of  the  femornt  vria  and  superficial  veiai  of  the  tliigh  fSMa  | 
swolhog  of  the  limb  from  ixdeiun  (phlegniaaia  doletis).     Whi-n  wnlMfiraaii, 
boiia  i<  uauallj  the  remit  of  a  phlebitis. 


m 


Formation  and  Organisation. — These  have  .i; 
scribeil  in  I'hap.  xix. 

Terminations. — If  the  thrombus  is  of  a  septic  nature,  it  t»  lu 
disintcgrutiori,  its  fragments  )>eing  carried  with  the  bli>od  mmoi  lat* 
distant  organs.  At  oth(>r  times  it  becomes  liodily  dotAcbed,  and  ii 
tran.s|>ort€d  into  the  right  heart  and  pulmonnry  artery.  If  ol  lalfi 
size,  it  \nll  probably  catch  at  the  primary  Inftin'utifin  of  tb*  aiUrj. 
but  if  smidler,  will  be  conveyed  into  ihe  hing(8«N9  Intarction)^  It  naj 
be  of  such  a  shape  that  it  docs  not  completely  fill  tho  channel  vi  ikt 
vessel  in  which  it  catches.  Tho  obiitorntion,  in  course  of  tiae,  Imv- 
ever,  becomes  complete  by  fresh  clot  being  preci])itat(il  anwod  >L 

The  thrombus,  on  the  other  hand,  may  retain  its  hold  upii«  tl» 
vessel  within  which  it  was  originally  mouldt^d.  It  will  oKMrt  likl^ 
organise  subsequently  or  become  calcareous.  Where  oripunMliM 
takes  place,  tho  obliteration  need  not  be  complete,  and.  in  Um  catssl 
an  arterial  thrombus,  it  is  often  not  so.  Bands  of  organixing  Umai 
are  pushed  into  tho  thi'ombus  and  coalesce  at  }>oint«,  while  the  taUr 
mediate  soft  thrombus  tissue  is  washed  away,  thas  leaving  a  senas  d 
pervious  clutnnels  through  which  the  blood  again  cnrnLUoL  Tkt 
vessel,  in  such  cases,  appears,  on  cross  section,  to  be  |irorided  witk 
aeverul  Itimina. 

Otniml  LiUrat-itre  on  rAromfotu.— Alexander  (rortal  Vein) :  Bert  kUn.  W* 
til.  18««,  p.  .tS.      Baumg^arten  (Review)  :   Uerl.  kl[u.  Wochnvhr  ,  iniL   M 
Botkia  (i'nrua  Vdn):   And.   f.   |«th.    Anat..  xxi    IMSC.  p.    <4'.<       DicktM 

V>ia)t  T-        "Ml  Snc,  xiv.  1863,  p.  «3.     Eberth  and  Scbimmdbnadi  P 
|«th.  A  -s6,  p.  39;  Portachr.  >l    M«sl.,  iv.  !>)•«!,  i,   U>>1  ;  ,\^  li    f  ]««k.  , 

cviii.  1^:      ,         '  ;  Fortachr.  d.  Moi,  t.  18s7,  p.  liSl.     Hanau :   Kc«t«rb».  4. 
iv.   18»(j,  p    3ei;  JbiJ.,  r.   1S87,  p.  05.    Hayem  :  Ker.  Hcienu.  itiu    ISAS, 
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tlon,  Tliorai-lc  Aorta):  Progria  tuM.,  x.  1882,  p.  H4.     Leroiuc  ^I'brtal  Vi< 
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Embousm,  Pyjemic  Abscess,  and  Infarction. 


69 S.  Definition  of  term  Embolus. — A  thrombus,  or  jxirt  of  it, 
ir  any  forfiijn  body,  carried  along  in  tht  urteritd  circulatitm  and  impacted 
m  <i  tfrmiiud  branek.      The  ad  »/  impiidioii  is  known  as  etnboli^m. 

Characters  of  Emboli. — They  are  most  often  vegetations  or  por- 
tions of  vegetations  detuthed  from  the  cardiac  valves,  pieces  of  cardiac, 
venous,  or  arterial  clot,  calcareous  scales,  or  globides  of  oil  or  air. 

Septic  Emboli  are  frequently  implanted  in  the  lung  or  other  organ. 
They  .ire  oftenest  located  in  the  lung  because  it  receives  them  at  first 
hand  from  the  veins ;  but  the  organisms  contaitied  in  t!iom  appear 
to  be  capable  of  being  carried  through  the  lung  and  of  gaining  the 
arterial  side  of  the  circulation.  They  then  cither  directly  affect  the 
organs  to  which  they  are  transfeired,  or  induce  a  malignant  endo- 
carditis which  acts  aa  a  secondary  source  of  contamination. 

Uenrml  Literaturr  on  Embolism. — Bcm&rd  lintoiiijilett'  fireuliition  of  Bodieii  Intro- 
duced into  Vessels)  :  Compt-rend.  Sex-.  >1.  IjioI.  Changar&ier:  Kec.  d'ophtb.  Par.,  viii. 
1886,  p.  424.  Hamilton:  Liverirool  Me<1.  Cliir.  Joum.,  iii.  1883,  p.  161.  Hirsch- 
berg; :  Ceutralbl.  f.  [mikt.  Augenh.,  ix.  188fi,,  p.  353.  Kirkes :  Min.  Med.  ami  Surg. 
Joum.,  Ixxi.  1853,  p.  119.  Lang^On  (Multiple  K.  foUoHtd  by  Aneurisms):  Prou. 
Roy.  M.  and  Chir.  S<.>c,,  Lond.,  ii.  18.Sr>-e,  p,  IW.  Minella  (Pnlmouary) ;  Gazz.  med. 
lU  Torino,  XXX vii.  1886,  p.  337.  Rajrni'Ond  :  "Embolic,"  Diet,  cnoycl.  d.  sc.  laiA., 
zxxiii.  1886,  p.  605.  Thomson:  Joum.  Am.  M.  Aas..  Cliicago,  vii.  1886,  p.  92. 
r.  Recklinghausen  (Venoim)  Aroli.  f.  path.  Anat.,  c.  1885,  p.  503.  Virctaow:  Ges. 
Abhau.U.  z.  wi<Mieiu<ch.  Med.,  p.  219,  1862. 
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PHENOMENA  FOLLOWING  IMPACTION  OF  SEPTIC 

EMBOLI— PYAiMI  A . 


599.  When  a  septic  thronilHis  is  detaclied  and  driven  into  an  artery, 
it  Arat  of  all  acts  mechanical!}'  iii  obstructing  it*  chatinel.  The  micro- 
organisms which  have  been  conveyed  along  with  it  begin  to  mtiltifjly 
and  find  their  way  through  the  coats  of  the  vessel  into  the  adjacent 
textures.  They  stimulate  these  to  such  an  extent,  that  an  inflam- 
matory effusion  is  shortly  afterwards  poured  out.  In  the  case  of  the 
lung,  the  effusion  resembles  tliat  of  croupous  pneumonia,  but  is  con- 
fined 10  j»articiilar  sharplj^  isolated  areas.  It  usually  occurs  towards  the 
de  lung,  because  the  eralwlus  catches  in  a  peripheral  vessel. 


rio.  Ml.-Pvjonc  AMCBH  or  Lrm  <xSM  Dimml) 
(ii)  W>1U  of  •IraHill ;  (h)  nmuMl  amall  tuusd  eall*  :  (r)  BhrtB  IflHf  In  alvntw  aMWM :  44  irf 
■aUiijElaKl  Id  mnlin  uP  Mior  ;  (>,  r,  r)  nuuM*  of  mlcroeoeciu  («t«|ihyfc)eoMat)  IjIbc  >■  Ik*  csb^M* 
(Oimni'i  BMtlMd  of  lUlalOK). 

and  is  converted  into  a  slough.  In  the  fomiAtiim  of  thin  »lo«gK.  iM 
only  the  exudation  but  the  walls  of  the  infiltn>t4Ml  air  venidet  ptfSky 
pat«.  An  abscess-like  ca%-ity  results,  with  shreds  of  h*lf  Ii<iue6«l  la( 
tissue  within  it, — a  pyzmic  abscess  as  it  is  called. 

The  contents  of  such  cavities  urn  ]iiu  corpuscles,  more  or  lei 
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t«gnit«(],  slu-eds   of  tissue,   aiid  multitudes  of  micrococcus  (staphylo- 
and  Bti-cptococcus). 

They  are  commonest  in  the  lung,  spleen,  kidney,  liver,  and  brain, 
and  around  joints. 

It  WM  Kirlces  (No.  34,  xxxv.  p.  281  ;  No.  19,  \%xx.  1853,  p.  11 B)  ami  ViroLow 
who  discovered  the  embolic  origin  of  pyicmic  abscesses.  Vircbow's  chief  viork 
on  the  mibject  is  coiiUined  in  liia  Oe-jiammflU  Abkandliingen  xur  mimetucJiafi- 
IteAai  ittdicin,  p.  222.  He  shoncil,  amoug  other  thin}{)<,  that  if  aiiimft]  or  elder 
jnth  emboli,  nulwtances  which  inust  have  been  contaniinatcj  nith  the  germs  of 
|>atTcf«ction,  wcr-  intro<hjc»'<l  into  the  (iiilmoriary  artery  circulatioD,  they  caused 
sloughy  ab.ii.fasea  identical  witli  thns(>  awn  in  pyivmia  (p.  293),  It  Bomotinies 
happened  that  solid  caoutchouc  i-mlfuli  luuld  Ik  Minilaily  iiitro<Uiccd  without  tlu'a 
•ITeot,  a  difference  which  wo  now  know  might  have  Ikloi  explained  by  their  not 
having  ke«u  contaminated  with  disease  germs. 

Litenilrt  vn  Pyttmia. — Bennett  (!lei)ort  on  the  Elleots  of  Puh  in  the  Blood) :  Mouth. 
J.  M.  So.,  Loud,  and  E<iiii.,  Avi.  nH-i,  p.  272.  Lee  :  -VIcvl.  Times  and  Gaz.,  vi.  1653, 
I>.  105  ;  alfii,  Mtd.  Hre-ss  niid  Circ,  xiv.  1872,  p.  2.     Paget ;  Lancet,  il.  1886,  p.  208. 


PHENOMENA  FOLLOWING  THE  IMPACTION  OF  ASEPTIC 
EMBOLI— INFA  RCTION. 

600.  Old  vegetations  on  the  cardiac  valves,  calcareous  scales,  etc., 
are  often  of  an  aseptic  nature,  or,  at  any  rate,  if  they  contain  micro- 
organismB,  these  have  not  tlio  power  of  inducing  a  sloujjliy  ahscess. 
If  they  are  carried  into  an  organ  or  ti-ssue,  tlieir  effect  dej»enils  upon 
whether  the  circulation  within  the  einbolised  part  is  terminal  or  not. 

By  a  terminal  artery  i.s  meant  onn  whoBe  hrancheB  inosculate 
only  with  those  of  the  corresponding  vein,  one  which  is  devoid  of 
collateral  anastomosis.  Such  are  the  renal  and  splenic  arteries, 
and.  in  a  less  comi>lcte  manner,  tliose  of  the  brain,  heart,  stomach, 
and  lung. 

AVhen  an  embolus  is  impacted  within  a  branch  of  either  the  renal 
or  splenic  artery,  the  part  necroses  and  becomes  converted  into  what 
i»  known  as  an  infarction.  \\'hen,  on  the  other  hand,  an  embolus 
finds  its  way  into  any  of  the  other  above-mentioned  arteries,  it  may 
not  occasion  any  ulterior  effect,  or  the  necrosis  it  induces  may  be  onlj' 
partial. 

V.  Becklinghausen  (Ko.  13,  xx.  1861,  p.  206}  relates  a  casa  whera  a  Uratnbui  of 
the  renal  artery  rvanlting  from  iigtuy,  gave  rise  to  a  yellow  infarctiuu  of  the  organ 
within  eight  days. 

On  account  of  the  kidney  and  spleen  being  so  frequently  the 
seat  of  infarctions,  it  is  often  supposed  that  emboli  are  driven  into 
their  respective  arteries  in  preference  to  those  of  the  limbs.  That 
cannot  be  so ;  the  embolus  will  certainly  run  more  rojidily  in  a 
straight  line  than  it  will  pass  off  at  a  right  angle.  The  true  explana- 
tion of  their  apparent  preference  for  the  kidney  and  spleen  is,  that. 
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whon  impacted  here,  the  embolaa  leaves  a  p«nn&neot  reeord  of 
existence  in  an  infarction.     When,  on  the  contrary,  it  is  drirtsi  i 
texture  8uch  as  a  muscle,  the  anastomosis  is  so  free  that  Ike 
supplied  by  the  occluded  vessel  does  not  die. 

The  term  Infarction  {infurrhf,  to  stuff  or  cram  into)  mm  grakf 
La^nnec  (No.  33;'))  to  those  wedge-shaped  hwmorrha^c  nn—  is  tk 
lung  80  often  associated  with  valvular  disease  of  the  h«m*%,  oa  tW 
understanding  that  the  part  was  filled  or  stuffed  with  effiued  Uaoi 
In  later  times,  it  has  l>een  taken  for  granted  that  the  wedge-ihifd 
masses  of  necrosed  tissue  found  in  the  kidnry  atid  uplftn,  ofkcn  cd- 
oxistcntl}'  with  the  former,  are  also  due  to  tho  part  being  diflcaM 
with  effused  blood,  and  hence  they  are  comnioidy  named 
infarctions.  This  \'iew,  as  well  as  the  8up{)Osition  that  the 
infarct  of  the  lung  is  due  to  enil><)li;tm,  seems  to  the  author 
erroneous.  The  grounds  on  which  this  opinion  is  ImumI  will,  hu« 
bo  better  understood  after  tho  detailed  description  of  iniaretkaft^ 
various  org.ins  has  been  given- 


INFARCTION  OF  THE  KIDNEY. 

Anatomical  Characters. —  It  usually  wcurs  in  aa 
with  old  or  recent  ondocaniitis  accom|>anie<l   by  a  growth  of 
tions.     Indications  will  lie  found  of  some  of  the  latter  bariap  hd 
detached,  and  if  the  renal  artor>'  Iw  slit  up  carrfull; 
them  will   probably  bo  discovered  in  the  branch  or 
formerly  supplied  tho  parts  now  in  a  statA  of  net-rosis. 

On  removing  tho  capsule,  deproaaed  and  sharply  circumscribed  i 
of  a  pale  cream-yellow  colour  will  be  noticed,  which  corrMpond 
seat  of  the  infarctions.  When  cut  into,  the  infarct  has  a  wvdja  i 
the  narrow  end  pointing  to  tho  hilus.  Its  general  coloor  ia  pais  i 
yellow,  sometimes  inclining  at  the  Ixirdt* r  to  uti  orange  tint.  In  < 
instances  a  zone  or  fringe  of  a  dark  red  colour  is  $.i-c-n  at  iu  maf;pik 
hut  this  "  red  zone,"  as  it  is  namod,  is  not  so  frequent  in  infarrtinoi  4 
the  kidney  as  in  those  of  the  spleen.  It  is  usually  mart  endol 
towards  tho  point  of  the  wc<lgo.  The  infarction  fefls  Uto^h  and  harl. 
.nnd  not  !i  droj)  of  blooil  can  be  si]ucc7.cd  out  of  it. 

Question  of  Hemorrhage. — lliesc  arc  tho  chanctart  t^t 
the  renal  infarct  usually  presents.  Is  there  a  hiamuiilapa  itafi 
previous  to  this? 

A  slightly  congested  block  of  tissue  is  occasionally  cQcountofad  in  the 
kidney  or  spleen,  but  never,  so  far  aa  the  autlior'a  ex]ierienc«  goe^  ii 
there  a  stufBng  or  cramming  of  the  piart  vnth  oxtra\>asated  blood  eaek 
as  is  met  with  in  L^nnec's  h!em<)rrha<;ic  infarct  of  the  ]un|^  On  tta 
eontrar}-,  a  quite  recent  infarction  of  the  kidne}'  or  sploAn  n  often  pakr 
than  its  surroundingSL      Nor  is  there  tumcfnction  of  '  ^arh  ■• 

ia  seen  in  the  infarct  of  the  lung — evidence  of  bl<' 
poured  into  it. 
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Examined  microscopically,  the  outlines  of  the  tubes,  Malpighian 
!es,  etc.,  in  the  strand  of  dead  tissue  are  spen  to  be  preserved 
listinctly  enough,  even  where  it  has  a  yellow  colour.  These  ure  nil, 
however,  extremely  gramilar  ;  there  has  been  a  precipitation  of  albumin 
within  it — a  coagulative  necrosis.  Later  on,  it  becomes  caseous,  and 
the  outlines  of  its  elements  are  consequently  blurred. 

The  red  zone  is  a  zone  of  reaction.  The  vessels  within  it  are 
engorged,  and  miiny  of  them  will  be  found  to  have  ruptured.  Within 
it,  there  is  thrown  out  in  course  of  time  a  little  cicatricial  tissue.  The 
dead  piece  of  kidney  substance  becomes  absorbed  from  the  margin 
inwards,  and  as  its  removal  is  taking  place  the  cicatrix  in  the  ro^ictivc 
zone  contracts.  A  little  calcareous  matter  is  sometimes  left  after 
absorption  of  the  dead  tissue  has  been  completed,  and  this  finally 
becomes  embedded  in  the  cicatrix.  The  cicatrix  is  depressed,  and 
where  several  such  cicatrices  are  found  over  the  surface  of  the  kidney 
or  spleen,  thoir  cause  ought  to  bo  of  easy  interpretation,  more 
especially  if  aj-sociatod  with  evidence  of  oM  endocarditis. 

The  author,  however,  does  not  wish  to  be  understood  as  asserting 
that  the  vessels  of  the  infarct  are  bloodless  in  all  cases.  What  he 
wishes  to  emphasise,  is  that  there  is  not  a  wide -spread  extravasa- 
tion of  blood  as  in  the  haemorrhagic  infarction  of  the  lung.  It  is 
irare  even  to  find  any  unusually  great  turgescence  of  the  vessels  in 

I  case  of  either  the  si)leeii  or  kidney, 
pttcn  (Ko.  336)  ooiocides  in  the  above  view,  and  Ziegler  (No.  337,  p.  66), 
ough  believing  in  tlii-ir  hcemorrhngic  origin,  has  examinc<i  rocent  infiircta  in 
which  lip  was  unable  to  ili/moiistrato  cither  lia-morrhagc  or  its  tiiK'cs. 

The  coinnion  notion,  that  the  renal  infarct  is  a  mass  of  hffiniorrhage,  was  rciterotvil 
jby  Cohnheini  (No.  33S,  |>.  "."i) ;  "As  n  fact,"  he  wrote,  "we  constantly  see  as  a  result 
l^imboUcm  in  the  8]>lecn,  lung,  nrul  kidney,  a  hieniorrliai^o  infarction,  whoso 
BIfciption  b  a  broad  dark  p.hI  triangular  iniuis  projecting  over  the  neighbouring 
[•nmce,  base  to  periphery,  apex  to  hi  Ins. " 

Such  a  mass  is  often  waw  in  the  lung  but  not  in  the  spleen  or  kidney  ;  and,  aa 
will  In-  shown,  wlicn  it  is  preiicnt  in  thu  lung,  it  is  usually  not  dup  to  embolism  but 
is  jtmply  and  fiurely  a  hiemorrhage  rejiidting  from  rupture  of  the  Hli.itcndcd  capil- 
laries of  the  organ. 

Cause  of  Congestion. — If  congestion  of  the  piece  of  kidney 
tissue  does  follow,  it  is  due,  as  Litteri  showed  (No.  336),  to  the  ana- 
stomotic vessels  pouring  their  blood  through  the  capsule,  into  the  part 
deprived  of  its  natural  blood-stippiy. 

Cohnheim  (No.  31,  i.  |i,  167)  Bnpi>osed  that  it  was  caused  fay  T«nons  regurgita- 
tion.    This  was  disijiroved  by  Litten  (loe.  eit.)  showing  that,  when  the  renal  artery 
.and  vein  are  IkjIIi  ligatured,  the  kidney  still  becomes  engorged. 


INFARCTION  OF  THE  SPLEEN. 

aliove  description  will  almost  literally  hold  good  for  the  in- 
ion  of  the  spleen.     There  is  usually  a  better  marked  red  zone,  in 
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artery  will  vaiy,  therefore,  according  as  its  deep  or  superficial  branches 
are  blocked.  If  the  former  alone,  the  cortex  and  superficial  white 
matter  may  not  suffer  at  all,  or  may  necrose  only  partially.  If  the 
embolus,  however,  has  closed  the  deep  perforating  branches,  the  parts 
supplied  by  them  will  certainly  necrose. 

The  affected  part  becomes  fatty,  and  compound  granular  corpuscles 
gather  within  it  in  abundance.  Minute  punctiform  extravasations 
may  be  noticed  at  its  border  where  the  surrounding  vessels  have  given 


Flo.  203.— HfXORBRAOIC  ISFABCT  OF  THE  LUSO  (XSCO  DlAXS-X 

(a)  Alveolar  wills ;  (fc)  ileaquanutol  epitheUam  containing  pigment ;  (c)  elhued  blood  corpnieles 
lying  in  an  air  vesicle ;  (d)  band  of  Bbrin  (PienManuine  and  Fairant*'). 

way  in  the  endeavour  to  establish  anastomosis.     The  part,  in  course 
of  time,  may  be  entirely  absorbed. 


HJEMORRHAGIC  IXFARCTION  OF  THE  LUXG. 

Anatomical  Description. — It  is  found  in  connection  with  valv- 
ular disease  of  the  heart,  more  usually  with  mitral  than  with  aortic. 
Co-existently  with  it,  there  may  be  yellow  infarctions  in  the  spleen 
and  kidney.  The  lung  infarcts  are  commonly  multiple,  have  a 
wedge  shape  when  adjacent  to  the  pleura,  and  are  rounded  when 
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located  near  the  root.  They  vary  in  size,  eome  bi'ing  miirate,  ahaott 
punctiform,  whilb  otiien  may  poaseas  a  ba«e  of  an  inch  fttid  a  half  tii 
two  inches.  Tho  mas8  projects  bo  much  abore  Um  auiiafM  *- 
constitute  a  prominent  object  even  before  the  part  ia  inriawd.  1. 
hard  and  tough,  with  a  well  defined  sharp  border,  and  baa  *  kadai  «r 
purple  colour  when  seen  througli  it«  pleunU  coreriitg.  Oa  entttn; 
into  it,  the  wedge  eh&pe  is  usually  very  striking,  and  Um  coloar  ■ 
almost  block  from  the  deeply  venous  hue  of  the  biood  mMlammi 
within  it  The  lung  tissue  is  generally  much  cungeatod,  Bad  fMlehai 
of  brown  induration  may  be  seen  here  and  there. 

The  mass  is  compostHl.  according  to  its  size,  of  a  group  of  air  rtmtim 
or  lobules  filled  with  blood.  Tho  blood  lies  in  the  cavHiea  <d  Um 
air  vesicles,  not  in  tlitir  interstices.  The  latter  preaant  a  iiiiinwiiiit 
appearance.  Cohnheim  stated  that  the  effused  blood  doM  not  i'i^'^'T' 
fibrin.  This  is  not  so.  A  rich  fibrinous  network  can  oft«Q  b*  de- 
tected within  tho  air  vesicles.  The  hard  pniMimonic  feeling  of  the 
mass  would  indicate  that  the  eflfused  blood  ii:t  tt«d.     Tbcnr  ia 

no  evidence  of  necrosis  of  tho  piece  of  lung  li-  .  _  iic«t«d.  Larsa 
half-crystalline  masses  of  haemoglobin  separate  soon  after  th«  h»muc- 
rhage  has  occurred. 

Although  these  hsemorrhagic  infarct*  may  bo  oumeitnOi  Umt*  ia 
nothing  to  show  that  they  necrose,  as  the  emVtolic  infarct*  of  tilt  tflmm 
and  kidney  do.  Tliere  are  no  cicatrices  to  indicate  th»  frnMBW  of 
former  effusions.  Some  of  them  may  Ik*  partially  doculoriaed  ud  aaftsr 
than  the  others,  but  they  do  not  become  cheeky  as  in  Hue  cms  of  tkr 
embolic  infarcts  of  tho  spleen  and  kidney :  nor  do  they  aluu^  to  «ae- 
stituto  pyemic  abscesses,  unleits  where  they  are  of  a«ptic  ori^ia.  TIm 
blood,  in  fact,  is  simply  absorlxKl  shortly  after  being  poorad  oat,  oad 
leaves  the  lung  tissue  vesicular  ami  unimpaired- 

Cause. — The  usual  sup])ositiun  is  that  these  hmaorrliagic  fod  an 
embolic.  This  was  not  the  original  idea  ontcrt«i&e<l  of  thrm  bf 
l^nuiec,  and  there  is  a  good  deal  of  truth  iu  what  Comtl  aiid  Kjuirkr 
remark  (No.  255,  i.  p.  514),  that  since  the  doctrine  of  emhoUnn  has 
become  genonilised  "there  has  been  a  certain  tendency  iu  adeaoe  to 
refer  to  emlwlism  all  that  the  older  writers  called  infarctus." 

The  reasons  which  have  led  to  this  supposition  arc  (1)  that  Um  : 
are  found  ass<K-iated  witli  valvular  di.scjise  of  the  heart ;  (2)  that ' 
shaped  embolic  infarctions  are  often  se^n  to  be  co-exi«tent  with  tbca  i 
the  spleen  and  kidneys ;  and  (3)  that  they  have  a  wedge  shape  and . 
located  close  to  tho  periphery  of  the  organ. 

If  they  are  embolic,  where  do  the  emboli  come  from  f    The 
answer  is  that  the  blood,  in  valvular  disease  of  the  heart,  baa  a  tmit 
to  coagulate  on  the  right  side  of  the  circulation,  ami  '  * lona  of  tli^ 

clot  are  driven  into  tho  pulnionarv  arter}'.     This  r!  is  fboadHl 

on  nothing  more  than  theoretical  grounds — thcor}-  of  the  noat  nk- 
warranted  character.  It  has  never  been  shown  that  the  blood  in  bMrt 
disease  has  more  tendency  to  coagulate  within  the  rcaaala  ihut  ia  a 
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host  of  other  diseases  unassociated  with  pulmonary  infarction  ;  and 
emboH,  moreover,  cannot  be  discovered  ou  dissecting  up  the  vessel 
leatling  to  the  affected  part. 

Vircbow  foiiinl  (No.  129,  pp.  SSS-iO'l)  that  aseptic  cawutchouc  emboli  introduced 
into  the  right  side  of  tlic  circulation  ihrouglt  the  jugular  rein,  did  not  ocL-a^ion  in 
the  dog  any  particular  change  when  they  became  impacted  in  tire  lung. 

Panum  (No.  13,  xxv.  1862,  p.  462)  made  out  that  small  simple  emboli  placed  within 
the  palmonary  arter>'  merely  become  cncapsuled,  and  induce  no  further  change  in  the 
lung  tissue.  Cohnheim  (loc.  e»i.)and  Litten  {loc.  eil,)  verihed  these  reaults  with 
emboli  composed  of  paraUin. 
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Tm.  SM.— Sccnos  or  ak  ALvaoLVS  rHox  LcKo  or  \  PEa«o!>  who  diiui  rtou  itrntu  Diua8C 

(X  WO  DlAKS.) 
(a)  ViBtcTuleA  mxl    pruji-ctlng  alveolar  rsiiilUrini;    (h)  ilr«|niiiuile(l    epitbcllom ;   <()  blooal- 
Onriiiiscia  rxtnvuatnl  into  nlviviUr  eaN*ity  (ricni.caniilnG  iiMii  Ftrraiils'). 


When  a  thrombus  is  driven  emboliailly  into  the  lung  from  a 
vein  in  Man,  it  does  not  cuuse  a  hromorrliagic  infarction,  but  the  part, 
being  deprived  of  blood,  becomes  peculiarly  uniemic ;  noi'  does  fat 
embolism  lead  to  it. 

Conclusions. — The  Lonclusiorij  tlicrefore,  seems  inevitable,  that  in 
by  far  tlje  j^reater  imtnber  of  instances  of  hemorrhagic  infarction  of  the 
lung,  the  effusion  has  nothing  to  do  with  embolism. 

It  is  caused  simply  liy  one  or  more  of  the  capillaries  of  the  lung,  in 
a  state   of  chronic  distension    from   the  valvular  disease,  rupturing. 
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The  wedge  shape  is  due,  not  to  the  distriliiitioa  of  tbr  t«nUM! 
branches  of  the  [lulmonary  artery,  Imt  to  Uic  »hA[>e  of  tli«  tanOBtl 
bronchus  and  attached  air-vesicles  in  which  the  blcnJd  in  cunfinnl. 

Haemorrhage  into  the  lung  from  any  caiue  (rupture  of  an  aovoiiot, 
e.ff.)  will  assume  a  wedge  shape  for  the  above  reason,  if  located  ncartk 
periphery. 

Coloured  injection  driven  into  the  air-reaicle*  by  pierdng  tliaa  wkk 
a  sharp  cannula  through  the  pluunv  assumes  exactly  tha  mbm  ««%i 
shape.     Figure  205  represents  an  artificial  infarction  so  prodoeidL 


Fm.  1B>— 4wiricui.  iKfAKT  or  Leva  huk  m  Ujh  iiso  I'aiauAS  ttu 

IXTO  TtlK   .ViB  VCUCUK 

(a)  l.ntit  tlHW  tnt  (ton  lJv)«<<tloii :  ('•)  wt<]g«-*lMp«4  Ia)«elf4  MM!  <a«timl  tOri  , 


GENERAL  CUNCLUSIUNS  ON  SUBJECT  OF  INFABCTIUX. 

1.  The  infarctions  of  the  spleen  and  kidney  are  due  to  tbe  ' 
supply  being  cut  off  from  the  part,  and  the  mo«t  common  aoarce 
this  is  emlwlic  plugging  of  the  rcfljwctive  arteries. 

2.  They  are  not  usually  accompanied  by  hemorrhage  nuleaa  in  thi 
zone  of  reaction  which  surrounds  them,  although  congectioa  and  pimeb- 
form  oxtraranition  are  possibilities  in  the  early  stagea. 

3.  They  ore  veritable  necroses,  the  n<*crotic  change*  within  then 
rescmhling  those  which  follow  the  total  removal  of  the  blood  Mpffy 
in  other  protected  parts  of  the  Ixxly. 

4.  Tliey  are  abs<irl)e<l  in  course  of  time,  and  tlie  formation  of  a  de- 
preased  cicatri.x  follows. 

5.  Embolism  of  the  arteries  of  the  brain  ia  accompanied  by  a  naufav 
necrosis,  but,  as  tiie  arteries  of  the  cncepfaalon  arc  terminal  only  in 
certain  regions,  the  necrosis  of  the  part  sttpplicd  by  an  ooduded  artaiy 
is  never  so  wide-spread   as  in  the    case  of  the  xplcen  and  kidaaf. 
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Hemorrhages  may  occur  here  owing  to  tlie  attempt  to  nourish  the  part 
by  collateral  channels,  and  to  the  softness  of  the  surroundings. 

6.  The  haemorrliugic  infarction  of  the  lung  is  simply  an  apoplexy 
due  to  various  causes.  By  far  the  most  frequent,  however,  is  rupture 
of  alveolar  capillaries  umluly  distt-nded  by  the  regurgitant  pressure 
resulting  from  valvular  di.sease  of  the  heart.  Its  wedge  shape  is  caused 
by  the  bhajje  of  the  bronchus  and  the  air-vesicles  in  which  the  effused 
blood  is  contained,  and  not  by  the  distribution  of  a  terminal  branch 
of  the  pulmonary  artery.  Tlie  le-sion  nsually  has  nothing  to  do  with 
pulmonary  artery  emlwlism,  but  a  h:etiiorrhage  from  any  cause,  if 
situated  at  the  iieiiphery  of  the  lung,  will  have  the  usual  characters 
of  a  haemorrhagic  infarction. 

7.  The  blood  in  these  pulmonary  infarctions  is  rapidly  absorbed, 
leaving  no  trace  of  its  former  existence. 

/literature  (rn  Infarction. — Cohnheim :  UiitiTsueh.  iib.  d.  embolischen  Processe,  1872. 
Comil  et  Ranvier:  Mannnl  of  ruth.  Histology-,  i.  1882.  Hamilton:  LiTcr]iI.  Me<t. 
Chir.  Joiini.,  iii.  18S3,  p.  161.  Herxheimer :  Anh.  f.  path.  Aunt.,  civ.  18S«,  p.  20. 
Laennec:  Traito  i1«  ranBcnltation.  Litten :  Untenincli.  ub.  d.  hneniorr1iiigi»cbe& 
lufarot.,  1879.  ▼.  Flatten:  Arcli.  f.  path.  An«t,  \x:i\.  1877,  p.  31.  v.  Reckling- 
haaaen:  Arch.  f.  path.  Anat.,  ix.  1861,  \k  20fi.  Vtrchow :  Oeumiuelte  Abhaiid- 
lungeu  z.  wiHcniich.  Med.,  1862.  Ziegler:  Text-book  of  Putholog.  Anat.,  Trans.  )iy 
Maealister. 


FAT  EMBOLISM, 


^'  6Q1.  Definition. — A  curuHtiun  in  which  Jincli/  dit'itled  glohnhs  of  oil 
ttrt  dtrrieil  iiilii  lh<:  urtenrs  and  tapUhirie.^  of  t/te  luH{i,  brain,  kidntij,  etc., 
and  Income  irnpuckd  icithin  thfm  us  endtolie  obsfrudiotis. 

Historical. — This  remarkable  form  of  embolism  was  discovered  in 
the  year  1862  by  Zenker  (No.  339,  p.  31;  also,  No.  36,  1862,  ii.  p. 
63)  and  Wagner  (No.  12(5,  iii.  p.  241).  There  was  much  difference 
of  opinion,  at  first,  as  to  how  the  oil  got  into  tlic  vessels,  but  it  is  now 
known  that  it  may  be  derived  from  V'arious  sourccH. 

Sources. — The  commonest  of  these  is  from  the  medulla  of  a  fractured 
bone.  The  oil  is  evidently  naju'rated  into  the  lacerated  veins  with 
great  ease,  ajid  is  thus  transported  to  the  lung.  Rupture  of  n  fatty 
liver  (Zenker  and  Hamilton)  may  be  another  cause  of  it.  The  oil 
escapes  into  the  rupture  and  is  absorbed  by  surrounding  vessels.  It 
baa  been  said  that  the  oil  derived  from  fatty  degeneration  of  an  abscess 
may  also  be  a  source  of  it.  The  lijutmic  litoot!  of  diabetes  (p.  530)  has 
been  ahown  to  drculate  with  great  ilirticiiltj'  (Sect.  44H).  The  oil 
globules  contained  in  it  catch  in  the  tortuous  capillaries  and  arteries  of 
the  lutui  and  other  organs,  and  ther<'!)y  obstruct  the  onflow  of  the 
blood  (Sanders  and  Hamilton,  No.  19,  xxv.  1879,  p.  47).  In  various 
f<thcr  morbid  states  of  the  blood  similar  embolic  occlusion  of  the 
vessels  with  oil  has  been  found. 

Anatomical  Characters. — The  lung  is  the  organ  in  which  they 
are  always  most  abundant.     The  blood  of  the  large  pulmonary  vessels 
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Itas  often  an  oily  appearance  to  the  naked  «yc  ;  while,  micr 
homogeneous  masses  of  oil,  staining  black  with  peroamic  add,  i 
to  plug  tho  terminal  branches  of  the  pulmonary  art4ii7.  TWf  «t 
closely  a])pUed  to  the  wail,  and,  as  a  rule,  completely  fill  the  daiiMl,a 
indication  that  they  must  have  lioen  driven  in  by  the  ru  e  tfift  nahtk 
upon  them  by  the  column  of  blood. 

Complete  networks  of  capillaries  upon  the  walls  of  the  mr-rmiAt 
can  often  be  seen  choked  with  oil,  so  much  ao,  that  they  rMenUi  ■ 
artificial  injection. 

In  iipieniic  bloo<l,  the  oil  f^loViules  are  more  minutely  »ul>dniM 
than  wlit-re  they  have  been  dcrivc<l  from  bone  m«><lull«.  They  «• 
combined  with  a  (|\iantity  of  granular  uiatt«.T,  and  the  two  (ap<far 
effect  a  complete  oljstruction  in  the  small  arteries  and  in  the  ea|iilkritl 


ytOW  Sd.— 'f  AT  RamLMH  or  l.vxa  rtutu  Pluc-rvkai  Obxit  <  x  10  IHaai.} 

(0)  SOlptflMil  tajrtr  nt  lAtun  ;  (ft)  deep  Uyrf  or  pUia% ;  (0  l»l)(*  tuibaitta  ;  {0}  mmO 
nuboliu  (ffwumtc  leld  and  KunoU'). 


The  oil  sometimes  manages  to  pus  the  lung,  and  is  tJiMi 
mostly  in  the  tortuous  small  vessels  of  the  brain  and  kidiuf.     la 
latter  organ,   it  has  most  tendency  tu  catch  in  the  MolpifUam  tifl 
which  is  sometimes  the  only  locality  in  which  it  may  be  diaoomed. 

The  vessels  of  other  organs  throughout  the  liody  beconw 
inipL-rmeable,  tho  extent  to  which  they  are  influenced  apiMTvntlr  i 
pending  on  the  tortuosity  of  their  ci4}illaries. 

In  some  animals  (dog  and  cat),  the  oil  when  artiSeiaUy  tsj 
is  excreted  by  the  kidney,  but  it  is  »|uestionBble  whether  this  ■ 
Man. 

'llie  cause  uf  the  oil  failing  to  circulate,  is  that  it  is  of  too  i 
specific  gravity  (see  Chap,  xiii.)  

Effects. — In  the  case  of  the  lung,  it  occasions  symptums  of  inpedel 
respiration,  and  in  many  cases  ends  fatally.  It  has  been  said  that  (at 
cndx)lism  of  the  lung  occurs  in  all  fractures  of  long  bones,  tiQt  th^  it 
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is  only  where  the  absorption  has  been  excessive  that  it  excites  any 
symptoms. 

(Edema  of  the  lung,  or  croupous  pneumonia,  is  frequently  induced 
through  the  mechanical  obstruction  to  the  blood  circulation,  and  the 
functions  of  the  kidney  are,  as  might  be  expected,  seriously  com- 
promised. 

ZMerature  on  Fat  EmMum. — Altdorfer  :  Ezperimentelle  Stndien  ub.  d.  Einfiuss  d. 
Oeles  «.  d.  Blntcircalation  d.  Frosches.  Greifswald,  1875.  Busch  :  Arch.  f.  path.  Anat, 
zzxT.  1866,p.321.  Czemy:  BerLklin.  Wochn8chT.,xii.l875,p.593.  Floumoy:  Contrib. 
4  r^tade  de  I'enibolie  graisseuse,  Strassburg,  1878.  Sanders  and  Hamilton  (in 
Diabetes)  :  Bdin.  Med.  Jonni..  xxv.  1879,  p.  47.  Jolly  :  Arch.  f.  Psych.,  xi.  1881,  p. 
201.  Manaell-Monllin :  Intern.  Encyc.  of  Sorg.,  i.  Reiter :  Ueber  Fettembolie. 
Warzb.,  1886.  Scriba  :  Dent  Ztschr.  f.  Chir.,  zii.  Virchow  (F.  E.  and  Eclampsia) : 
Seat.  med.  Wochnschr.,  zil  1886,  p.  488 ;  also,  Berl.  klin.  Wochnschr.,  zxiiL  1886,  p. 
489.  Wahncan :  Ein  Fall  todlicher  Fettembolie,  1886.  Wilks  :  Brit.  Med.  Joum., 
1883,  L  p.  768.    Wiener :  Wesen  u.  Schicksal  d.  Fett.  £mb.,  1879. 


AIR  EMBOLISM. 

602.  Air  is  sometimes  aspirated  from  a  large  open  vein.  If  air  be 
forcibly  pumped  into  the  lung,  of  an  animal,  it  may  cause  rupture  of 
the  air-vesicles,  be  extravasated  into  the  interstitial  tissue,  and  be  par- 
tially absorbed  by  the  vessels.  It  is  sometimes  found  in  the  chambers 
of  the  heart  in  such  animals. 

The  danger  from  its  gaining  entrance  to  the  circulation  is.  extreme. 
It  either  causes  instantaneous  death,  or  greatly  impedes  the  pulmonary 
circulation. 

The  cause  of  its  failing  to  circulate  along  with  the  blood  is  the  same 
as  in  fat  embolism,  namely,  that  it  is  too  light. 

Anastomotic  Ectasy  of  Arteries. 

603.  When  the  main  trunk  of  an  artery  possessing  anastomotic 
vessels  is  ligatured  or  otherwise  obstructed,  the  latter  soon  dilate,  and 
so  continue  the  supply  of  blood  to  the  part.  The  means  by  which  the 
distension  of  the  collateral  channels  is  effected,  is  as  yet  not  clearly 
understood.  The  current  theories  on  the  subject  are  mainly  the 
following : 

Weber  (Xo.  115,  i.  Ab.  i.  p.  176)  held  that  the  blood-pressure  above  the  point  of 
ligatnre  must  be  locally  raised,  and  that  this  acts  in  dilating  the  anastomotic 
channels. 

This  theory  is  often  alleged  to  be  faulty  in  many  respects.  Any  increase  in 
preHun,  it  is  said,  must  react  over  the  whole  circulation.  Cohnheim  (No.  31,  i.  p. 
89  et  $eq.)  asserted  that,  after  the  sudden  ligature  of  a  large  trunk,  such  as  the  femoral 
in  the  dog,  setting  aside  a  slight  rise  at  the  time  of  occlusion,  the  pressure  on 
the  proximal  aide  of  the  ligature,  at  the  point  of  junction  of  the  femoral  and  external 
iliac,  or  eren  in  the  external  iliac  itself,  is  just  the  same  as  that  of  the  opposite 
artery. 

He  «tated,  rightly  enough  {loe.  cU.,  p.  92),  that  when  a  main  trunk  f{oiag  toa  liob 
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or  other  part  i.i  ligatured,  the  colUtenl  venela  inppljring  th&t  iH.n  uooe  diialt,  M 
those  HUpiilyiiig  adjacent  |Nirts.  Thiu,  if  the  ri^ht  common  rArotiU  U  lU,  kjfa- 
u'lnia  of  the  right  arm  do«s  not  en»Uf ,  but  the  veaMla  which  dilate  sod  vUdh  ■» 
tiriue  to  c«rry  on  the  cireuhitioii  in  the  he«d,  are  the  left  cmrotid  aad  ttiii^ 
vertebral.  Similarly  (p.  94),  when  one  bruich  of  an  arUry  MpplyUlg  n  Mf* 
ia  obstructed,  more  blood  e&tera  thoae  which  ar«  opau.  Ha  e«aiela4«d  tkri  ite 
mechanism  which  effect*  this  local  dihitation  must  be  boand  tap  ariUi  tlia  rtm^^ttm 
nerrei. 

Talma  (Xo.  1S9,  xxiii  1880,  p.  22i)  Ukrs  a  difTerent  riew  of  tlia  mattn.  a  «M 
which  goes  to  support  Weber's  theory.  He  tayi  (p.  268)  that  tlM  ftmmn  <a»  at 
does  rise  locally  in  an  artery  after  ligature,  without  thert  bsiag  •  (iastal  Imm» 
The  blood  flowing  into  the  arteries  has,  as  a  result  of  the  sjrstok  W  iksksH^s 
certain  amount  of  actual  euerg)'.  If  its  mo\'ement  is  suildEnly  ohstnMtnl,  a  fHl 
|iortion  of  this  energy  must  l«  converted  into  heat ;  |iart  of  it,  bewrtr.  wfll  fa««i 
potential,  and  this  iwtrutiality  will  tend  to  raise  the  prswurs  batUf 
aboye  the  point  of  ligature. 

The  larger  tlie  branch  of  an  artery  which  is  cloae<J,  the  grwlcr  tlw  ted 
pressure  in  the  trunk  and  in  the  collateral  braorhe«  (lue,  tit.,  p.  2S9)l  If  llbt 
profunda  femoria  is  ligatured  while  the  femoral  artery  rrmains  pataat,  th»f 
within  the  latter  is  raised,  nnd  he  holds  that  it  is  this  orrf^wmun  «Mdk 


Flo.  MT.— TajLcmu  or  RaDUL  Pviss  T*Kn>  wrm  nis  Disacn'  1 
Till!  Bnt  hkir,  C.vai  during  couaprMsianvrUw  two  f*n<<ra>s,tlw**enai|faaU^|^«k*a  <*•!■■• 
of  Uie  arUriifs  wu  relaxed. 

the  collat«ral  branches  to  dilate.     He  conclude  (|i.  274)  that  the  iigiuMirtu  if  if 
circulation  after  ligature  of  an  artery  is  nITrx'tnl  on  puraly  tneohaairal  [wfartylss 

He  {toe.  eit.,  p.  230)  mentions  that  the  towering  of  the  tempentoiw  af  Iks  |Bt 
consequent  u^ion  the  obstruction  to  (lie  cirrulstinti  might  be  suppoMd,  ntaif,^ 
bring  about  a  dilatatiou  of  the  collateral  branches.  His  rxpuriitiMit;^  hvaiiia,  • 
this  subject  convinced  him  that  this  was  incorrect,  and  that  tbs  irstontlka  «f  dt 
circulation  through  anastotuotic  i«th«  ran  not  be  ex]ilain«l  by  tlw  *gi*ry  «f  ii 
vaso-motor  nerrr*.  Dirision  of  the  sciatic,  nuirsiover,  has  littl*  •flict  !■  katMHI 
the  flow  of  blood  through  the  collateral  cltannels  aflar  llgatttiw  of  tb*  Btaia  tm^ 

According  to  the  same  author  (//jc.  cit.,  p.  2(t4),  the  small  brsnrhss  diktofn*.ds 
large  afterwanls. 

Msrey  (No.  346,  p.  3S8)  distinctly  sUtAs  that  thegfinrral  arterial  Uuaioti  alssviiHi 
ally  rises  when  an  artery  of  considerable  rolunie  is  compraassd,  bacanas  "  hif  tU«  a^K 
an  imiKirtant  (>ath  for  the  passage  of  the  blood  into  the  rsnooa  qntam  is  woffimaL 
Ho  represents  it  gra])bically  in  the  aMompanying  tflkfgiaognM  (Fif,  Wn\  Ute 
fnini  the  radisi  when  thr  two  fmiorsls  wera  aimidUiiMMly  riinn<»sw4  Hm  ttt 
hnlf  »f  the  tracing  was  taken  while  the  vcaaals  wen  oomprassod,  tlia  aMMBt  dkr 
the  compnws  hsd  licen  remciveil,  the  fall  in  presanrs  induced  tbsnby  being  wntmd- 

ComprsHion  of  the  aorta  of  the  horse  throogh  the  netam,  indam  •  ttSS  m0t 
aridtot  riw  ia  Um  geiMrkl  arterial  Icnsion. 

Rapidity  with  which  Circulation  is  Established — Wltait 
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m&in  vessel  is  ligatured  the  temperature  of  the  part  beyond  at  first 
sinks,  but  subsequently  rises  as  the  collateral  circulation  begins  to  be 
restored.  It  is  usual  to  regard  the  anastomotic  dilatation  as  being 
completed  when  it  becomes  again  normal.  This,  Talnia  holds,  is 
incorrect.  The  vessels  go  on  enlarging  for  a  considerable  period 
afterwards. 

If  the  crural  artery  be  ligatured  in  a  dog,  and,  after  the  temperature 
has  become  normal,  both  its  paws  be  kept  for  some  time  in  iced  water, 
the  one  which  corresponds  to  the  side  on  which  the  artery  had  been 
occluded  becomes  gangrenous,  the  other  does  not,  showing  that  the 
circulation  at  this  period  has  not  been  thoroughly  reinforced. 

The  rapidity,  however,  with  which  tlie  collateral  vessels  may  become 
dilated  is  perhaps  greater  than  might  be  expected.  Twenty-four  hours 
after  ligaturing  the  carotids  in  a  horse,  Marey  and  Chauveau  {No. 
346,  p.  625)  found  that  the  small  arteries  were  so  distended  that  it 
was  with  difficulty  they  could  perform  tracheotomy,  each  small  branch 
having  to  be  tied. 

The  blood,  moreover,  takes  the  shortest  route  in  completing  the 
anastomosis. 

Veins — Inflam-matory  Affections — Phlebitis. 

C04.  The  chief  forms  of  inflammation  met  with  in  veins  are  the 
FflSnidative  and  suppurative. 

In  the  exudative  the  wall  becomes  thickened  and  infiltrated  ^vith 
a  small  round  cell  deposit.  Little  gi'anulation-like  projections  sprout 
out  from  the  tunica  intima,  wliercby  it  assumes  a  roughened  appearance, 
and  these  are  soon  coated  with  fibrin.  A  ihrombiis,  in  course  of  time, 
Iducks  the  channel,  which  becomes  subsequently  organised  by  the  pene- 
tration of  new  tissue  derived  from  the  wall  (see  Sect.  210).  The 
vessel  may  thus  be  rendered  impervious. 

The  suppurative  is  commonly  associated  with  a  septic  wound. 
The  coats  of  the  vessel  become  the  seat  of  a  purulent  infiltration,  which 
often  constitutes  an  abscess  cavity.  Tins  abscess  cavity  may  dissect 
the  coats  asunder  and  perfonvte  into  the  vessel  by  two  or  more  open- 
ings. The  blood  can  circulate  temporarily  through  these,  so  that, 
after  death,  it  often  appears  as  if  the  vessel  had  two  cliannels. 

If  a  clot  should  be  thrown  down,  it  will  usually  be  found  to  be  of  a 
greenish  colour  and  loosely  adiierent  to  the  wall  of  the  vessel.  When 
incised,  it  may  present  several  abscess-like  caWties  (see  admirable  re- 
presentation by  C'ruveiihier,  No.  332,  ii.  1835-42;  Livr.,  xxvii.  pi.  4). 

As  before  described,  this  state  of  a  vein  is  one  of  extreme  d-uiger 
from  its  liability  to  excite  pyaimia.  The  interior  of  the  vein  and  the 
softening  clots  may  frequently  be  found  to  be  covered  with,  or  to  con- 
tain, large  quantities  of  micrococcus. 

Litfraiart  on  Ph!(M'tis.—Ch»mousaet :  Quelqueo  reclierch«!i  tnr  U  pblegniBsia  alba 
(las  noav.  accoucbvei,  Thi-se  <Ib  Paru,  1873.     Chvostek  (Suppurative) :  Arob.  gon.  <1. 
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sionally  those  of  the  abdominal  wall  In  addition  to  being  irregularly 
dUated,  the  vessels  become  extremely  tortuous.  Thrombi  are  com- 
monly foand  in  their  interior,  and  these  have  a  tendency  to  calcify 
(phleboliths).  Calcareous  scales  may  also  sometimes  be  found  in  their 
wall  (Consult  Epstein.  Arch.  f.  path.  Anai.,  cviiL  1887,  p.  239). 


H.EMORRHOiDS — (See  Digestive  System). 


CHAPTER   XLIV 

THE  BLOOD  VESSELS— {C4>»rfiiiy«l) 

The  Abterul  Presscrk  in  Health 

60f>.  The  pressure  of  the  blood  within  tho  art«<rit'9>  of  the  Ui^  a^ 
cuit  is  iiormully  de{>endent  ui>on  thi*  following;  fiu:tor>  :— 

(1)  The  propelling  power  of  the  ventricle ; 

(2)  tho  quantity  of  blood  driven  into  them ; 

(3)  the  rapidity  of  the  heatt'R  beat; 

(4)  the  elasticity  and  contntctility  of  th«  tiasaet ; 

{5)  tlie  amount  of  impediment  ofTored  to  the  pMsagD  of  blood  6(B 
their  outlets ; 

(6)  the  influence  of  respiration. 

Tlic  first  nnd  second  of  these  items  together,  of 
the  momentum  with  which  tho  blood  will  be  eiiutt«d  from  llto 
The  quantity  may  be  large,  but  the  propoUmg  [tower  weak,  as  «Wn 
the  ventricle  is  dilate<l  hut  not  hyportrophie<I ;  and  this  might  |MM>Hf 
not  have  so  much  cfTect  in  maintaining  the  artrrial  |ir>Miiiii  m  wtei 
the  quantity  is  smaller  but  the  propelling  |>owcr  more  vigoroai. 

A  dilated  ventricle  without  hypertrophy  would  re(]Utre  nhlill)f 
more  inherent  contractility  in  order  to  empty  itself  than  one  of  mtmi 
size,  owing  to  the  mass  of  blood  being  greater. 

In  regard  to  the  third  item,  it  must  be  remembered  thai  tha  vodk 
done  by  a  ventricle  is  by  no  means  proportionate  to  the  ramiitf  «f  h» 
contractions.  In  fact  the  reverse  sucm.i  rather  \()  hold  goiH.  A  WlA 
numl>er  of  vigorous  contractions  within  a  given  time,  in  rcaKty,  MBl 
a  greater  intluonce  in  propelling  the  bluud  than  a  large  ntnabir  4f 
contructions  which  are  feebler. 

Tho  increased  energy  with  which  the  blood  ta  propellod,  luotoow^ 
must  not  be  confonnded  with  a  necosBory  rise  in  arUrial  prmmn.    Ar 
terial  pressure  is  dependent  upon  so  many  factors  that  the 
or  annihilation  of  one  may  often  more  than  counteract  bcrMted  *i 
in  another.    With  the  slackening  in  the  rapidity  of  the  keut** 
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;he  arterial  tendon  falls,  and  the  arterial  oscillations,  as  shown  by 
aacings,  become  more  ample. 

Many  (So.  S49,  p.  187)  explains  this  phenomenon  by  there  being  more  time 
ifforded  in  sloir  pnlsation  for  the  blood  to  leave  the  arteries  and  to  pass  into  the 
apillariea,  than  where  the  pulsations  folloir  each  other  rapidly.  The  artery  con- 
Mqnently  becomes  relaxed,  while  the  following  systole,  driving  a  mass  of  blood  into 
:be  looaely  distended  vessel,  occasions  a  tracing  of  great  amplitude.  The  qnantity 
)f  blood  which  is  ejected  from  the  heart  will  also  be  greater,  becaoae  it  has  had  time 
»  accnmnlate  within  its  chambers. 

Conversely,  when  the  cardiac  contractions  increase  in  frequency  the  amplitude  of 
Jie  tracing  diminishes,  the  reason  being  that  the  artery  is  kept  on  the  stretch,  and 
ioes  not  recoil  so  mnch  as  in  the  former  case. 

It  will  be  necessary  to  explain  that  under  the  fourth  item  the 
elasticity  of  the  arterial  walls  is  incladed  along  with  that  of  the  tissues 
^erally.    The  reasons  for  this  have  already  been  given  in  Section  551. 

Instead  of  viewing  the  elasticity  and  contractility  of  the  arteries  as 
•he  only  obstacles  to  their  becoming  dilated  by  the  pumping  action  of 
die  heart,  we  most  take  into  the  reckoning  the  total  eUuticity  of  the 
iissoes,  vessels  included. 

The  mechanism  of  the  dicrotic  wave  of  the  pulse,  the  production  of 
licrotism  in  disease,  the  dilatation  of  the  ventricle  in  aortic  regurgita- 
Aon  (see  p.  629)  will,  therefore,  have  to  be  held  as  not  dependent 
apon  the  elasticity  of  the  arteries  alone,  but  as  bound  up  with  that  of 
;he  whole  tissues. 

The  fifth  item  specified  as  concerned  with  the  arterial  pressure  is 
pathologically  a  most  important  one.  The  passage  of  the  blood  out 
}f  the  arterioles  may  be  hindered  in  several  ways,  one  of  the  most 
important  being  of  course  the  contraction  of  the  muscular  coat  This 
ippears  to  be  a  condition  present  in  several  diseases  accompanied  by 
tdgh  arterial  tension,  and  its  relief  conduces  to  the  most  beneficial 
resolts. 

The  free  discharge  of  blood  from  the  arterioles,  however,  may  also 
be  retarded  by  obstinction  in  the  capOlaries.  The  elasticity  of  the 
surrounding  parts  just  referred  to,  will  react  upon  the  capillaries  as 
well  as  upon  the  arteries,  and  although  the  former  may  possess  but 
feeble  contractile  power  in  themselves,  yet  the  blood  may  be  seriously 
liindered  in  its  transit  by  the  recoil  of  the  adjacent  liquids  and  tissues. 
The  pressure  within  the  capillaries  and  within  the  arteries  is  probably 
jnst  counteracted,  or  nearly  so,  in  health,  by  that  of  the  parts  around 
them.    In  disease,  it  is  capable  of  becoming  much  greater  or  much  less. 

When  the  arm  is  placed  in  a  pI«thr.«niognph  and  <tnrrounde<l  with  liqoid,  the 
•lightest  pressure  above  that  of  the  artene*  is  iniffici«nt  to  induf^e  an«mia  of  the  limb 
followed  by  complete  arrest  of  the  circulation. 

Not  only  from  this  cause,  but  from  others,  such  as  a  wrong  com- 
position of  the  blood,  the  forward  movement  of  the  hIoo'l-*!tream  may 
be  seriously  hampered  within  the  capillaries.    Alterations  in  the  specific 
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gr&vity  of  the  pljisma,  as  in  Bri^ht's  disoiM,  atueniia,  <!iCn  ^"xhim  t«ag 
to  unsettle  tiie  regular  onflow  of  the  blood  oori)accIeB  (ms  C^ap.  xm.)^ 
and  would  thus  hinder  their  ready  traninniaaon  from  the  ntnul  to 
the  venous  side  of  the  circulation. 

Respiration  acts  in  a  twofold  manner.     During  inspiralin  III 
arterial  pressure  is  lowered,  while  during  expiration  it  it 


The  Pulsk. 

GO 7.  What  it  is. — The  pulse  coiuists  in  the  aenantioD 
the  finger  when  it  is  made  to  compress  an  arterj*.  The  impMtaf 
bloodwavo  against  the  compressed  vessel  conimmucat«s  the  aetMtfki; 
or,  as  Broadbent  (Nu.  C,  1 887,  i.  p.  C55)  expresses  it,  "  It  ia  tlmitam 
of  shape  from  the  flattened  condition  impressed  upon  the  read  hf  aa 
finger  or  sphygmographic  lever  to  the  round  cylindrical  «hap«  wiiid 
it  assumes  under  the  distending  force  of  the  blood  within  iu" 

A  goo<l  (leal  of  the  MUMtion  commnuicated  to  tbo  ftngar  moit  In  4i(  to  At 
vibration  of  the  liquiiU  and  tiuae*  around  the  rcs«1.  If  the  fingrr  la  laid  arar  m 
expo««d  artery  of  large  tite  such  aa  tha  rriiiunil  ur  th»  aorta,  onJjr  a  hM»  •■■  rf 
ptilaation  U  communicated  to  it.  The  li<]ui<U  of  the  tissoM  rafrooadiag  IkaaiM} 
probably  amplify  tlie  pulsation  tranarcnctl  to  them,  and  kaliM  mdcT  Um  flim  mm 
apparent. 

It  luurt  always  be  borne  in  mind  that  a  spbygiDO){raphic  tnMiag  to  m<  tW  OMtog 
of  the  pulsation  of  th«  artery  but  of  the  Utsuea  and  liquid*  iumwtdli^  it. 

Roy  (No.  170,  il  1879-80.  p.  6«)  has  rvcorded  the  curve  of  tha  ofomA  mrnHH 
the  tmbbit  by  menus  uf  an  iiMirumfiit  wliirh  hs  aaiiMB  thr  sphygmoteaaaiiB.  Ii 
fliula  a  numlwr  or  eccuiidary  iudentatious  on  tha  daieandiug  [lart  of  th»  a|ilijf| 
which  he  supp<Me«  may  be  due  to  vormicular  rontnctiou  of  the  ninaoJar 
One  of  the  chief  objoctions  t<i  his  px]irrimeuta  lies  iu  the  fact  that  the  read  (e 
was  tieil  aud  cut  acroHS,  oo  that  the  record  waa  not  that  of  the  hlowl  in  ita  coslia^ 
but  under  c«iiditiciii«  uf  (ilwinii-tiou. 

The  rate  of  the  pulse-wave  must  not  of  eoane  be  eottfo 

with    that   of  the   transmission  uf  the    blood   itself.      For  wbtle 
rapidity  of  the  former  has  been  estimated  at  something;  like  30  feet] 
second,  the  latter  is  at  inoet  only  about  i\  to  ^  oi  this.      Tb« 
occupied  by  the  primary  pulse  wave  in  trarelling  from  the  heart  % 
foot  in  a  man,  is  somewhere  about  }  second      It  is  propagBted 
rapidly  when   the  arteries  lose  some  of  their  chist icily,  as  wiien 
become   atheromatous.       The  conditions    then  appronrti   rr 
to  those  uf  a  liquid  within  a  rigid  tube. 

Ptilse  and  Arterial  Pressure. — A   certain   lurau  jn 
maintained  in  the  arteries,  which  tends  to  drive  the  blood 
through  them  and  through  the  capillaries.     The  palae  ia  in  great ; 
the  expression  of  each  heart's  systole  over  and  above  thia     This 
])ressure  is  the    resultant   of    certain   factors  prrvionsly  CDOiBenlad 
(p.  694).     Were  the  heart  to  cease  beating,  the  aortic  rwltm  to, 
closed,  and  the  capillary  outlets  to  be  occhulcd  aimnltMieoiMjj, 
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pressure  of  the  blood  within  the  arteries  would  represent  this  mean 
pressure. 

Each  systole  of  tlie  heart  augmeute  the  arterial  pressure  for  the 
time  being  and  causes  a  greater  or  less  increase  in  the  diameter  of  the 
arteries.  It  is  not  this  increase  of  diameter,  however,  which  is  felt  by 
the  finger,  or  which  is  recorded  by  the  sphygraographic  lever,  but  rather 
the  impulse  communicated  by  the  wave  wiien  the  artery  is  com])ressed. 
In  order  to  fully  estimate  the  character  of  the  pulse  a  certain  amount 
of  pressure  must  be  exerted.  The  finger  simply  laid  over  the  site  of  the 
radial  artery  has  no  appreciable  impulse  commimicated  to  it ;  nor  can 
an  ample  sphygmographic  tracing  he  obtained  without  the  artery  being 
compressed. 

Sphygmogfram  no  Test  of  Pressure. — The  mean  arterial 
pressure  differs  in  individuals  either  as  an  idiosyncrasy,  as  a  forerunner 
of  impending  disease,  or  as  an  effect  of  disease  already  present ;  and 
according  to  the  amount  of  compression  necessary  to  obtain  a  full 
sphygmographic  tracing,  or  to  entirely  obstruct  the  circulation  through 
the  vessel,  so  the  extent  of  the  arterial  pressure  may  be  roughly  gauged. 
The  pressure  required  to  occlude  the  artery  is,  however,  much  less  than 
that  of  the  blooil  within  it,  and  hence  merely  a  relative  result  can  thus 
be  obtained.  Tlio  height  to  which  the  lever  rises  in  the  up-stroke  is 
no  criterion  of  Avhsit  the  arterial  pressure  actually  is.  It  simply  indicates 
the  result  of  a  more  or  less  powerful  ventricular  contraction  u|)on  a  re- 
laxed or  rigid  set  of  arteries.  A  long  and  sudden  up-stroke  does  not 
necessarily  demonstrate  that  the  heart  is  beating  more  powerfully  than 
usual.  It  may  be  due  to  this  cause,  but  is  not  always  so,  because  a 
comparatively  weak  heart's  contraction,  such  as  that  of  a  person  in 
nrtiaifo,  nuvy  induce  a  powerful  pnlse-wave,  provided  that  the  arteries 
have  been  relaxed  previous  to  its  taking  place. 

f  Measurement  of  Arterial  Pressure  in  Man. — The  sphygmo- 
manometer devised  by  v.  Basch  (No.  43,  xxiv.  1887,  p.  179)  prob- 
ably gives  more  accurate  results  than  any  other  instrument  in  use  at 
the  present  day.  It  consists  of  a  hollow  cbaroljer  or  pelotte  B,  one 
end  of  which  is  covered  with  a  delicate  caoutchouc  cap,  the  other  con- 
nected with  a  flexible  tube  C,  which  is  in  communication  with  a  metal 
manometer  A.  The  manometer  is  constructed  on  the  same  principle  as 
an   aneroid    barometer.       The   pressure  is  indicated  by  means  of  a 
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needle  and  index.     The  metal  capsule  of  the  m»nomet«r,  Uw 
chouc  tulie,  and  the  pelotte  are  tilled  with  iratcr.      A  t»p  to  man 
the  filling  of  the  instrument  is  placed  at  £. 

The  pelotte  is  adjusted  over  an  arterj'  whicli  can  \>t  readflj ' 
pressed  against  a  resistant  background — the  radial  by  prefereaet  It 
is  then  made  to  impinge  upon  tjie  artery  until  the  finger  phMd  tm  lb 
distal  side  ceases  tu  recognise  pulsation.  The  index  UMnrt  Um  idbW 
of  degrees  through  which  the  needle  has  trmvenedf  mtSk  difTM  i» 
presenting  a  pressure  of  10  mm.  Hg.  The  op«imtor  Ttqsow  Ip 
have  had  much  practice  with  the  instrument  before  attaining  to  rdialkk 
results. 

Pulse  V.  Ventricular  Contraction. — The  genonl  bdiaf  i^  • 
Marey  remarks  (No.  ,346,  p.  282),  that  a  sti-ong  puUe  coneipopifa  ID  a 
energetic  ventricular  contraction,  and  that  a  weak  pube  it  indkitiK  d 
ventricular  weaknesa  This  is  true  of  a  small  number  of  cnm,  but 
by  no  means  of  all.  The  pulse  is  strong  or  feeble  accotdinx  w  iW 
heart  impels  a  full  or  a  small  wave  into  the  arteriM,  nA  tfcii  ii 
regulated  in  great  part  by  arterial  tension,  that  ii  to  »J,  by  tlip  r^ 
sistance  offered. 

Thus  the  feeble  pulse  of  a  patient  in  pneumonia  doea  not  ttf^ 
sarily  indicate  that  bis  |>owers  are  at  a  low  ebb,  but  rather  that  tl>« 
arterial  tension  is  high.  The  intensity  with  which  a  p«lient'a  aiUriti 
Ixiat  is,  contrariwise,  no  indication  of  his  reserve  foroec  TeDenctk*. 
relieves  arterial  tension,  and  hence  it«  efiect  in  restoring  the  poW 
pneumonia  (Marey). 

Different  degrees  of  arterial  tension  alono  may  modify  the 
without  the  heart  being  at  all  concerned.  It  is,  in  rrality,  tbe 
contraction  of  tlio  arterioles  which  mainly  controls  the  extent  of  dM 
resistance  ;  and  it  does  so  by  hindering  the  free  pAiaage  of  blood  to  tk> 
capillaries  and  to  the  venous  aide  of  the  circulation.  The  mcirt  i 
these  are,  the  lower,  tdntia  potUmt,  will  the  Mteri*!  preeeiiw  be, 


VAlilETlKR  OF  THE  PULSE. 

The  older  physicians  placed  much  reliance  upon  tho  feeling  < 
niunicitted  by  the  finger  to  the  pulse.  Some  of  the  chief  Tarictia 
cognised  by  them  were  the  following.' 

Th«Jnimi,  in  whi'li  th«  |ialM  •«««*  to  niae  itMlf  t«»  point  ami sliiki  thai 
forcibly ;  S<»indiitg,  ttWed  sIm  CkprisaM;  Cbwirwrtsrf,  aarrow,  dasfs  n4 
lurd  ;  OrUUal,  which  Bfter  prracnting  the  charBCtar  of  ■'"•'<><'>••.  Iihuiimm  «yni  aai 
■oft ;  Iftep,  ftlt  ouly  \>y  pretty  (troug  pnwim  ;    X)fr.'  I,  fat],  tttnag,  tmk 

frsquent ;  IHentus,  tiAviii^  «  ilouhio  ttmko  ;  FetbU,  utriUing  m'  iiugn  UMy ;  AAnfa. 
gUiontly. implying  >n.itaiDr>l  frciuency  ;  Filiform  or  Thread]/:  AnaiaMU  (Itk*  llw 
rrrvping  of  an  ■nt),  amnll  aii<l  (rarcfly  (leTceptiblo ;  Ftr^umt,  numanoa  palaatlaaa  Ii 
It  iiiiniito  :  Full,  tlie  nrtery  nfviiiin);  (liatoniled  (haM  or  tuft)  ;   Tiif* ) i m  laat,  in 


*  C<nni«n«4id  tram  U«ov>«t  (No.  311]  sad  Oopkad  (No.  312). 
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after  several  pulsations,  one  or  more  seem  to  break  in  abruptly ;  IntermiUent,  the 
pulse  ceasing  for  one  or  more  beats  and  then  continuing,  and  so  on  alternately  ;  Ir- 
regular, the  pulsations  varying  in  frequency  or  force  ;  Myuru*,  a  sinking  pulse,  the 
second  stroke  of  which  is  less  than  the  first,  the  third  than  the  second,  etc.,  the  pulse 
thus  diminishing  like  a  mouse's  tail ;  Sharp  or  Jerking,  striking  the  finger  sharply 
and  suddenly  ;  Small;  Soft;  Tense;  Vibratory,  etc. 

It  was  also  frequently  described  under  the  following  groups  of  terms : — (1)  Hard, 
resiatant,  tense,  firm,  or  sthenic.  (2)  Contracted,  constricted,  or  concentrated,  and 
smalL  (8)  Full,  large,  broad,  ample,  or  open,  and  bounding,  etc.  (4)  Soft,  com- 
pressible, empty,  weak,  feeble,  unequal,  smalL  (5)  Precipitate,  quick,  rapid,  sudden, 
vibratory.    (6)  Languid,  undulatory,  etc. 

They  recognised  a  pulsui  freytteiu  and  a  pulsus  rants  which,  as  Galabin  puts  it, 
"  by  some  subtle  sense,  lost  to  the  modems,  were  differentiated  from  the  pulsus  celer 
and  pulsus  tardus,"  The  same  author  also  asserts  that  our  old  physicians  never 
quite  attained  the  slull  in  pulse  feeling  of  which  their  Chinese  colleagues  boast,  who 
pretend  to  distinguish  upwards  of  three  thousand  varieties  of  pulse.  He  explains  it 
by  the  Celestials  having  been  much  longer  at  the  business  than  their  occidental 
brethren  1 

The  typical  pulse  of  fever  was  described  asfrequens,  magnus  (voluminous)  et  eeler, 
while  that  of  plethora  was  held  to  be  magnus  et  tardus. 

A  feeble  soft  pttlse  was  generally  recognised  as  associated  with  g^eneral  or  with 
cardiac  debility. 

The  pulse  of  incipient  inflammations  was  hard,  wiry,  and  small.  It  was  said  to  be 
associated  with  inflammatory  affections  such  as  evdocarditis,  or  inflammaiivM  of  serous 
membranes.  It  is  specially  a  feature  of  the  stage  of  rigor.  It  is  also  manifest  after 
division  of  the  pneumogastries  (Sanderson). 

The  different  forms  of  pulse  due  to  irregularity  of  the  heart's  beat 
have  already  been  described  under  "  Functional  Diseases  of  the  Heart " 
(Sect.  497).  It  should  be  remembered  in  this  connection,  that  every 
heart's  beat  does  not  necessarily  induce  an  arterial  pulsation.  There 
may  be  two  beats  of  the  heart  to  one  of  the  pulse. 


RAPIDITY  IN  DISEASE. 

The  rapidity  of  the  pulse  can  be  influenced  by  so  many  collateral 
and  extraneous  circumstances,  that  no  very  precise  rules  can  be  formu- 
lated which  will  hold  good  in  all  cases. 

It  may  be  said,  however,  that,  generally  speaking,  it  is  increased 
in  rapidity  when  there  is  any  degree  of  acute  fever,  in  many  func- 
tional diseases  of  the  heart,  and  in  some  organic  diseases  of  that  organ  ; 
while,  on  the  other  hand,  it  is  found  to  be  slower  than  usual  in 
the  later  stages  of  fever,  in  some  functional  diseases  of  the  heart,  in  many 
nervous  diseases  where  the  vaffus  is  stimulated,  in  compression  lesions  of  the 
brain,  and  in  some  organic  diseases  of  the  heart  fibre — as  where  it  becomes 
fatty. 

The  pulse  is  quickest  at  the  time  of  birth  (135-140  per  minute), 
and  decreases  with  regularity  towards  old  age  (75  to  80). 
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The  Sphygmo(5Iuph. 

608.  The  only  acctirate  mcan^  of  recording  the  pulso  is  bj  nMM 
of  the  sphygmograph.  Space  will  not  allow  of  a  doscriptioa  of  Ihi 
various  forms  of  sphygmograph,  and  this  is  rondorod  the 
lis  nearly  every  text-book  of  Pbysiolog}'  contains  an  elaboimt* 
of  them.' 

The  one  probably  most  in  use  in  this  country  at  the  preient  tim 
is  Dudgeon's  (see  his  treatise). 


ffl 


y. 


/ 


Pio.  210.— Dmicos's  Snit(iHouk.arn  *rn.mi  to  lUsitu 


BuiUnon  (Xo.  343),  a  good  niKny  yMn  <inw,  pointol  out  what  b 
gMMiflyncoguivixl,  namely,  Uiat  Ihe  spbygrnogniiib  c*nnot  be  relMil 
•t  a  meaiu  of  iliat^ooik  of  any  imrtinilar  dUftwe.  It*  utM  in  diMM*,  b*  i 
to  inJirato  tlin  rumlc  and  Jirc<rtinn  of  tbe  contraction  of  Um  baart,  th*  •onrfaMa  af 
tlie  artrric*,  and  tha  reUtive  anouut  of  blood  oontaiiMd  in  tka  veiiia,  that  b  t»  aajr, 
tbc  l<alan<.-v  of  |>r«s«ur*  b«tween  r«uou»  and  srtnia]  •yatooa. 

It  must  lie  remembered  that  the  tracing  may  difTer  on  tb«  two 
sides,  and  that  it  is  often  widely  divergent  in  varioiui  individu*!*  «tflw>- 
ing  from  the  same  disease. 

rA«  XormcJ  Sphyrpnogram, 

•Jig.  21 1  will  serve  to  show  the  several  parts  of  the  oomal  spbygno' 
gnon  of  the  radial  arter}*. 

'  For  a  coDciae  iUtemcat  of  Uie  variooa  foniu)  of  pphyguingiajib  wkirti  Ik««  %«■  la 
mc  from  tjm«  to  time,  Uia  raador  b  nkmA  to  Dnilgvoo'i  aMaDnt  IMh 
"1'h«  diibygmograph."    the  alM  BibUogrivl'T' 
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It  is  characterised  by  a  vertical  percussion  or  up-stroke  (a) 
corresponding  to  the  primary  pulse  wave  propagated  from  the  con- 
tracting ventricle.  It  is  usually  perpendicular  in  health,  and  has  a 
pointed  apex. 

Its  greater  or  less  amplitude  indicates  a  corresponding  amount  of 
distensibility  of  the  artery.  It  is  fuller  where  the  artery  has  freely 
discharged  its  blood  before  the  pulse  wave  has  been  liberated,  and 
hence  is  indicative  of  a  relaxation  of  the  coats  and  low  tension.  It  is 
particularly  high  where  a  powerful  pulse  wave  is  propagated  into  a 
relaxed  artery,  as  in  some  cases  of  hypertrophy  of  the  left  ventricle. 

From  the  apex,  the  tracing  descends  (c),  and  terminates  in  a  small 
elevation  (d).  This  elevation  {d)  is  known  as  the  tidal  or  predi- 
erotic  wave. 

In  a  schema  composed  of  a  series  of  tubes  containing  fluid  the  greater  the  inertia 
of  the  fluid  the  more  marked  this  elevation  becomes.  It  almost  vanishes  when  the 
tubes  contain  air,  and  is  greatest  when  they  contain  mercury  (Marey). 


^ 

^Al 

Fio.  311.— NoBXAL  SPHrr.uoaRAH  (Modikied  from  Dcdqeon). 

PB£88UnE  2  OZ. 

(a)  Vertical  upward  stroke  (systolic  or  percussion  wave  or  stroke) ;  (6)  apex  of  np-stroke ;  (r)a  down- 
Irani  stroke  of  varying  length  ;  (d)  a  carve  called  the  first  tidal,  or  prcdicrotic  wave ;  (t)  an  angle 
called  the  aortic  notch ;  (/)  a  second  curve  called  the  aortic  curve,  or  dicrotic  wave ;  (g)  a  slight 
curve  called  the  second  tidal  wave ;  (A)  termination  of  downward  stroke ;  (v.e.)  the  dotted  line  cor- 
responds to  period  of  systolic  contraction ;  (v.d.)  to  that  of  ventricular  diastole ;  (r)  to  that  of  iieriod 
of  rest  before  commencement  of  systole. 


The  predicrotic  elevation  is  succeeded  by  a  larger  notch  (e)  usually 
known  as  the  aortic  notch,  and  this  is  followed  by  a  second  eleva- 
tion (/).  This  second  elevation  is  named  the  aortic  curve  or  dicrotic 
wave.  Numerous  as  have  been  the  theories  as  to  its  causation,  opinion 
is  now  pretty  well  made  up  in  favour  of  the  explanation  originally 
offered  by  Garrod  (No.  149,  xix.  1871,  p.  322).     It  is  as  follows  :— 

The  notch  (e)  corresponds  in  time  to  the  closure  of  the  aortic  valve,  and  at  that 
time,  of  course,  the  blood  recoUs  against  the  cusps  from  the  elasticity  of  the  arterial 
walls  and  from  that  of  the  tissues.  This  causes  a  wave  to  be  reflected  from  the  valve 
which  is  propagated  into  the  arteries,  and  causes  tlie  lever  of  the  sphygmograph 
to  be  slightly  raised,  and  thus  to  inscribe  the  elevation/. 

In  support  of  this  view,  it  is  now  recognised  that  when  the  aortic  valve  is  de- 
stroyed by  disease,  the  dicrotic  wave  is  either  absent  or  small,  probably  in  proportion 
to  the  extent  of  the  injury  to  the  cusps. 

Marey  (No.  346,  p.  719)  has  constructed  a  model  in  which  he  imitates  the  condi- 
tions present  in  the  natural  state  of  the  parts,  and  when  the  aortic  valve  is  defi.m'o.t. 
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It  Rprewnt«  tho  bvart  nith  its  valves,  snd  tha  snerisl, 
systems.     By  an  ingenious  smtngenieut,  he  cut  imluo*  ilitTerrot  dcgraH  «f  I 
patence  of  the  aortic  oriBcc,  witervuiion  it  is  noticed  tiiat  tb«  tnciof  ttikt*  Igr  ■■h 
of  s  sphygniogniph  etitirely  loses  the  dicrotic  wave. 

The  ssiue  thing  happens  when  a  sound  is  introdoeed  through  tlw  mntM  «C  m 
animal  down  to  the  aortic  orifice,  and  the  valve  destroyed  by  mMn  of  it,  w  illa^ 
tratcd  iu  the  accompanying  figure. 

The  fact  alio  that  it  becomes  smaller  the  further  the  arteiy  b  WOfni  trtm  ikt 
heart,  lends  additional  support  to  thi«iVt«w. 

At  tho  point  g  there  is  often  a  second  elevation  umiUr  to  ^  W 
smaller.  It  is  supposed,  like  th&t  at  dy  to  be  due  to  oteUUtim,  IV 
part  of  the  down-tracing  from  g  lo  h  indicates  the  period  o(  rot  ia 

nnticipation  of  the  ventricular  contraction. 

The  lowest  point  of  the  up-»troke  hat  be«n  termed  tha  baae  line  I7 
(No.  348,  p.  81).  Mahomed  (No.  350, 1  p.  71)  calls  it  iha  recpiratory  Ba^ 
it  varies  ia  height  with  inspiration  and  ex]>iratioii. 


Fitt.  til.— MootrirjkTiiu  or  nm  Tatciiiu  ik  Kii-itL  Antaav  ii»  Itoara  4 
D»t»fvtiui«  ur  Airirrtc  V»L»». 
A,  baftm,  B,  altar  yradintloo  o(  lualBelravjr. 

The  lino  of  descent  may  bo  mora  or  leit  gradual.    Wbara  tiw  Uoad 
passes  easily  out  of  the  ])cripheral  vosMla,  «a  whetti  tho  arteriole 
reluxo<l,  it  l)ccomo«  more  and  more  vertical,  bat  where  there  ia  olali. 
tioii  U)  the  free  outflow  of  the  urterial  blood,  a«  io  Bright'a  dtaeaM, 
is  prolonged. 

The  descent  stroke  may  sink  so  low  in  some  caMa,  that  it 
below  the  base  line     According  to  Dudgeon  (No.  343,  p.  42)  Mm 
scrn  in  young  persons,  in  those  who  are  under  tlio  influence  of  ^Ifffih,^ 
in  the  dicrotic  pulse  of  chlorosis,  in  typhoid,  and  in  hectic  st«t«e  of  the 
body. 

On  the  of  hrr  hand,  it  may  form  a  more  notch  at  the  apex  ol  the 
perctiaaion  stroka  This  indicates  a  condition  of  feeble  contraciStty  of 
the  arteries,  such  as  occurs  in  old  |>crBon8  (Dudgeon). 

Corresponding:  Stages  of  Heart's  Rhythm.— Th«e  an 
diegrunmatically  shown  in  Fig.  211.  The  dotted  line  v,e.  boooten- 
ponuieotu  with  the  ventricuhir  systole ;  that  repreeeoted  by  tjL  ear 
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responds  to  the  ventricular  diastole ;  whUe  r  represents  the  period  of 
rest  before  the  commencement  of  the  systole. 


SIGNIFICANCE  OF  THE  TIDAL  WAVE. 

This  has  been  explained  more  philosophically,  and  put  more  tersely 
by  Mahomed  than  by  almost  any  other  writer. 

He  said :  "The  siinplest  puliatile  movement  that  can  be  conceived  in  an  elastic 
tnbe  ia  the  mere  passage  of  a  wave  of  fluid  through  it,  causing  more  or  less  sudden 
expansion  and  a  gradual  collapse  of  the  tube,  as  it  passes  through  it ;  such  a  wave 
is  the  foundation  of  the  pulse,  and  has  been  called  the  '  Tidal '  wave  (Fig.  212  «). 


Fio.  218.— Maromxd's  Scheme  or  Tidal  Wavs. 


If  the  impulse  imparted  to  the  fluid  is  more  sudden,  au  element  of  percussion  or 
shock  will  be  introduced  (Fig.  212  fi),  giving  an  abrupt  and  yerticle  up-stroke,  f^om 
the  jerking  up  of  the  lever  by  the  sudden  expansion  of  the  artery.  Owing  to  its 
acquired  velocity,  this  movement  of  the  lever  is  rather  greater  than  the  correspond- 
ing movement  in  the  arterial  wall  which  produced  it,  and  on  reaching  its  highest 
point  it  falls  suddenly  by  its  own  weight,  till  it  is  again  caught  and  perhaps  slightly 
raised  by  the  tidal  wave  B,  which  is  now  only  reaching  its  maximum  of  distension. 
.  .  .  The  tidal  wave  is  the  true  pulse  wave,  and  indicates  the  passage  of  a  volume 
of  blood  through  the  arteries,  pumped  into  them  by  each  contraction  of  the  heart. 
It  resembles  the  passage  of  the  tidal  wave  or  '  bore '  up  a  river  ;  hence  its  name.  It 
is  transmitted  more  slowly  than  the  {)ercuBsion  wave,  or  rather  attaius  its  maximum 
intensity  more  gradually  ;  hence  their  separation  in  the  tracing.  Though  they 
usually  commence  to  distend  the  artery  together,  the  percussion  wave  necessarily 
attains  its  maximum  intensity  instantaneously,  it  being  only  a  shock,  while  the 
tidal  wave  does  so  more  gradually.     Sometimes  a  considerable  interval  elapses  be- 
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twc«ii  tlieni.     Freqm'utly  they  are  CnM>pars1>1iv  iii<  ti-rvtwnoD  wstc  aot  uk/iMfw 
elae  beiug  merj^  iiito  th«  tidal." 

Tbis,  however,  is  not  the  iiivariablo  view  tiikeii  of  xht  caiue  of  tkt 
tidal  ware.  Dudgeon,  foi-  instance,  regards  it  u  rather  the  dTaet  W 
oscillation  set  up  bj  the  inertiA  of  the  liquid.  It  is  uid  to  1m  iiirrrntud 
in  extent  when  a  large  voliinie  of  blood  ia  diacbkiged  into  the  mctaia, 

as  from  a  dilated  heart  (Bramweli). 

Literature  on  the  Pnltt  and  S/t/iyguwi/rapH. — r.  Basch  :  B*rl.  klin,  WodMaAb 
xxiv.  1987,  p.  179  ;  Ibid.,  p.  9S*.  Bnunweil:  StU'lciitu  (iuiita  to  tk*  *  i'  'T'  I  -* 
the  Piilsv,  1883.  Broadbent:  Brit.  Mnl.  Juum..  Kssr,  i.  |>ji.  8&S.  707,  70. 
Chapman  :  Brit.  Me-L  Journ.,  1882,  li.  p.  297.  Oudgreon  :  Tba  8bb}y»^nti, 
1882.      Foster  (B.  W.):  Tlie  Spliygiiii)i;nipli   in  the  1  of  tNtM*-    '" 

Foster  (M.)  :   A  Ti-xt    Book  of  rhy«iology.     Galabill  :  .»t.  Att.1   K. 

1876,  p.  '2{)7.  Landois  :  I>ir  Ixliro  vom  .\rtcnenpul«,  l>.j.  Mshoiiwd  tOl<m^' 
gnph)  Gftiit'it  Stieiicr  ainl  Pnotiir  of  Siirfrrn'.  >■  ISSS,  p.  07  ;  Trum.  FMK  Sac,  SCVflk 
l87«-77,  p.  394  ;  Mtd.  Times  nu.l  Uni,  1872,  li.  p.  1«  <"'  •  H—.  H-^^,  jolr,  |im 
p,  36.1.      Marey  (Sphyj^nof^upli) :  .louni.  •{.  U  lliyninl  .  njiukma 

nit'il.  lie  la  rircnl,  ilu  iviuf,  ISAil  ;  Dii  inonrfin,  tlnnn  Im  f  .  iMt,  |>.  Ul 

Moens  :  Die  Pul»c-iirve,  1.^78.  Sanderson  :  Hunilliook  oX  Um  H^ygtkc^Kfk,  1M7. 
Vierordt :  Die  Lelii*  vom  Artmt-tipiil^  ii.  «,  «•. ,  1855. 


Means  of  Aktificially  Modifying  thk  AitTKKiAL  Pnossi'itx. 

609.  When  any  one  or  more  of  the  factors  above  enanKfrntad  M 
page  694  as  instrumental  in  keeping  up  the  pressure  within  thm  artvria* 
becomes  niodiHed,  it  will  react  upon  the  t«iuion  of  the  veeeel  nnlwu 
compensated  for  in  some  way. 

The  moan  proMnre  of  the  blood  within  the  arterlta,  a*  l«  »»U  knovm.  naj  be 
raised  by  rariotu  physiological  exiicdirnt.'s  an  by  itimulatlny  tKi  i>i«i  miitm  ttrntrt  im  Iki 
mriiiillii,  fjtmjirfjwiiig  tnryr  nrtrriiil  triiiiku  nirli  aa  thi'  rvmnraU  or  tlMMBt^t 
«M  to  t)iu  aiirface  of  the  body,  or  by  iiitcrmptiiiK  Iktbluvt  mpplfl^Oul 
the  imrottda. 

AppliL'stion  of  wnriiUA  Ut  tliv  (urfm-r  of  thr  Ixjjy.  aa  by  tlir  warm  b■tl^  IkM  tfa 
pffcct  of  rulaxiiig  thn  art«ric«  ami  lowering;  their  tension.  Thf  mannv  ia  -mhUt 
(mlii  and  heat  thiu  op|>ose  eat-li  other  is  worthy  of  further  'l^f  tjusticu 
affvot  the  arterioles  ilirvt-tly  utnl  aolcly  \  Or  i>  there  ati  r<(ttivaletit  tobfe 
of  the  wholii  iiiuw-iilatiin)  uf  thx  InhIv.  mul«rliig  the  ilifllcnltjr  el 
through  tlir  miist'lea  f^ator,  and  thua  niiaing  the  prr.nur«t  I>v>«  hwt  I 
musclca  ill  au  oppoiite  dirt>ction,  rendering  them  mors  hu,  and  *a  aitUag  tks  I 
with  wliich  tho  bluoil  will  riniiiate  through  tbrm  t 

The  arterial  |)i«asnre  U  alio  lowrrol  liy  itiviulii/ioH  of  th«  r 
metion,  the  laAa/ntfoa  if  nitrite  of  nmyl,  etc.    In  all  theoe  coaeo,  tbe  ■itxial  el 
are  rvnderci  relatively  or  actiuilly  wiiler  *o  «*  to  aoc«moiodat«  mora  hlood. 
»/  tK*  emieal  eord  in  the  rabbit  aitnilarly  lowtn  tbe  artMla!  iitounirr  by  ia 
tfloiation  of  the  inuactilar  coat  of  the  arteriole*,  hanoi  rMid<  "<NI*  *f  t^ 

blood  into  the  capillaries  moier.      Ertminif  kifk  fgmfern'  !«   artiAcAsBy 

applinl  to  an  animal,  csoses  a  lowering  of  the  orfriol  ftmman  by  a  panlyab  af  tfe 
heart  (I'aarhulin). 

The  heart's  beat  and  the  arterial  pressare  are  so  fkr  matuaQjr  de- 
pendent, that  when  the  pressure  within  the  arteriee  riaes  bejood  a 
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certain  mean  level,  the  rapidity  of  the  former  decreases,  and  thus  allows 
time  for  the  arteries  to  discharge  their  s.uperliuou8  blood  before  the 
next  systole. 

Where  it  happens,  as  in  some  forms  of  disease,  that  this  compensa- 
tory regulation  of  the  heart  proves  ineffectual  in  lowering  the  arterial 
pressure,  the  heai't  will  be  found  labouring  against  it,  The  impulse  is 
long  and  heaving,  and  so  great  may  the  arterial  tension  be,  that  a 
flhock  is  felt  during  diastole  from  the  impact  of  the  arterial  blood 
against  the  aortic  valve. 


DI8EA.SE.S  ACCOMPANIKD  BY  HlGH  ArTKRIAL  PRESSURE. 


f*         

f  610.  In  some  individuals,  a  high  arterial  pressure  seems  to  lie  a 

natural  phenomenon.  Muhomed  (No.  63,  xxiv.  1879,  p.  379)  de- 
clared that  this  persistently  high  pressure  is  hereditary,  and  is  one  of  the 
chief  predisposing  causes  of  chronic  Bright's  disease.  It  is  present  in  the 
young,  and  may  be  long  manifest  before  the  kidney  disease  makes  its 
appearance.  He  went  so  far  even  as  to  say  that  an  individual  with  a 
pt'rraanently  high  arterial  pressure  may,  practically  speaking,  be  said  to 
have  chronic  Bright's  disease  either  with  or  without  structural  changes 
of  the  kidney  {Iik.  cit.,  p.  387).  He  also  stated  that  high  arterial  pres- 
sure becomes  more  evident  with  old  age. 

The  usual  diseases  which  are  associated  with  a  high  arterial  pressure 
pulse  are  the  various  forms  of  nephritis,  with  the  excejitioii  of  those  re- 
sidting  in  suppuration.  It  is  found  in  gout  and  in  lead  poisoning, 
but  as  these  diseases  are  usually  accompiinied  by  cirrhotic  disease  of  the 
kidne}',  it  is  possible  that  this  may  account  for  it.  The  other  view 
of  course  is  tenable,  namely,  that  the  cirrhosis  of  the  kidney  is  due  to  the 
prolonged  high  arterial  pressure.  The  former,  however,  is  most  likely 
correct.  Marey  (No.  346,  p.  190)  states,  that,  when  the  renal  arteries 
are  compressed  in  the  cat,  the  pressure  within  the  carotid  shows  a 
notable  rise. 

In  certain  forms  of  anxmia,  the  pressure,  according  to  Mahomed 
and  Broadbent,  is  persistently  high.  This,  however,  does  not  hold  good 
for  all  cases.  It  Ls  probably  in  those  where  the  blood  is  of  vorj-  poor 
quality  that  the  arterial  tension  is  highest.  Such  blood  circulates 
through  the  capillaries  with  difficulty,  and  hence  tends  to  retard  the 
outflow  from  the  small  arteries. 

In  peritonitis,  in  various  diseases  of  the  lung  such  as  emphysema, 
chronic  bronchitis,  and  acute  pneumonia,  and  in  pregnancy, 
the  arterial  pressure  is  also  abnormalty  high. 

It  must  not  be  concluded,  however,  that,  liecause  it  is  high  in  these 
diseases,  as  a  rule,  it  will  be  found  to  be  so  always.  Each  case 
has  its  own  special  idiosyncrasies  and  must  be  studied  accordingly. 
The  only  certain  means  of  determining  the  arterial  pressure  is  by 
measuring  it,  a  procedure  of  primary  imjKirtance  in  therapeutics. 

The  Pulse. — As  the  blood  is  driven  from  the  heart  into  arteries 
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already  tense  from  peripberal  resistance^  the  palw  Bhoaid  be 
which  the  percussion  stroke  is  not  well  felt.       In  some  diMoaea  it 
small  (peritonitis),  in  others  it  is  large  (chronic  Hright's  diMOMiX 
difference  de|)ends  on  whether  the    heart  is  able  to  copo  with 
arterial  resistance.     In  peritonitis,  the  heart's  action  ia  daprcvad ; 
chronic  Bright's  disease  it  is  vigorous,  the  wall  of  the  Idft 
being  hy])ertrophicd.       The  condition  of  high  pre«wre  aho 
the  heart's  action  slower,  hence  the  down  part  of  tho  iphji 
curve  is  correspondingly  long. 

Fi|^.  214  from   Mahomed  gives  the  tracing  of  the  paUo  of 
who  probably  sutfered  from  incipient  chronic  Bright's  rliii—Mi.  aadj 
whom  tho  arterial  pressure  waa  abnormally  high.     It  will  b* 
that  the  up-stroke  is  comparatively  short,  the  tidal  waro  is  high, 
the  dicrotic  wave  is  low,  and  the  down  stroke  between  thft  Aoctic  ware 
and  tho  base  line  is  long. 

The  mere  feeling  imparted  to  the  finger  is  deceptire,  for  a  ptdae  cf 
high  tension  may  bo  either  large  or  small.  Tho  hi^  tTffmw  a^f 
bo  associated  with  an  exhausted  heaii,  and  hence  the  paba  majr  to 


Fia  ni.— PvLH  ur  Kinu  TEmox;  tvcinurt  BaunnV  I 


small,  a  condition  which,  as  Mahomed  (No.  63,  xxtr,  lf^79,  p.  ST3) 
rightly  remarked,  is  usually  thought  to  require  stimulA'  whkh, 

in  reality,  is  much  benefited  by  depletion.  Of  all  the  ,.— :_-u:r»  «!• 
high  pressure  pnlsc,  according  to  the  same  authority,  the  least  tomtit 
is  that  of  hardmsg  and  incomprudhUUy.  Many  pul«c«  of  bish  tensieB 
certainly  possess  this  chancter,  but  not  all.  A  pulse  of  uodne  laQfA 
and  of  a  pushing  character  is  a  more  reliable  indication. 

It  is  long,  persi^stent,  and  bard.  It  ia  the  pvUmt  tariuM  or  *\mg 
pulse"  of  the  older  physicians,  the  ejcpreaaion  of  a  heart  khoariqg 
against  undue  resistance. 

Bramwoll  (Xa  340,  p.  50)  and  oth«n  differ  from  HahoBad  hi  nteoas  to  kwd- 
neM  or  incompreMibility  not  beiog  a  Nliabla  guide  to  tb«  rteogaitiaa  of  a  Vi^  |iw 
■are  |ialaeL  It  certainly  might  be  snppoied,  if  en  artery  were  in  aa  OfeMaally  M0 
condition,  that  it  ehoald  feel  bard  and  iDcom|irraeitde.  Froliabljr  Urn  eUif  mmimd 
error  lies  in  the  sappoaition  that  a  hard  polao  ia  alwaji  one  of  hi|^  praeamv  ^/kmm 
an  artery  may  be  eo  hard  aa  to  be  diagnoaed  aa  calcarootw  daring  life,  and  Ukt  kai' 
neea  be  eimply  due  to  an  onnsoal  thickneaa  of  the  coita.  It  udglit  with  smot  IrA 
be  aaid  that  a  hard  incompieeeible  pnlaa  in  a  prrrunulj/  hmUkp  imiHtUmml  imtlmUt 
high  preasure.     Snch  a  pulie  is  mmmonly  met  with  in  acate  inflamiaatio—. 

Methods  of  Gauging. — Maliomod  (No.  G3,  xzir.  1879,  p.  971) 
was  in  tho  habit  of  gauging  high  pressure  by  drawing  a  line  fron  dw 
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apex  of  the  up-stroke  to  the  deepest  part  of  the  aortic  notch  (Fig.  215 
AB).  No  part  of  the  tracing  should  rise  above  this ;  if  it  does  so,  the 
pulse  is  one  of  high  pressure. 

The  height  of  the  aortic  notch  has  also  been  regarded  (Landois,  No. 
348,  p^  81)  as  another  good  means  of  gauging.  The  nearer  it  ap- 
proaches the  base  line  the  lower  the  pressure  is  (Fig.  215  BC). 

Occasioiutlly,  the  syatole  of  the  ventricle  with  a  pulse  of  high  preasnre  may  be  pro- 
longed. Thurston  (No.  18S,  1881,  L  p.  455)  estimates  this  prolongation  by  measur- 
ing the  length  of  the  interval  between  the  commencement  of  the  ascending  stroke 
and  the  aortic  notch,  and  comparing  it  with  a  normal  pulse  tracing  of  the  same 
rapidity.  Regarding,  as  he  does,  the  aortic  notch  as  the  termination  of  the  systole, 
he  looks  npon  its  position  as  an  important  indication  of  the  prolongation  of  the 
Tentricular  contraction  ;  or,  in  other  words,  of  the  impairment  of  the  muscular  tissue 
of  the  ventricle. 
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Fio.  215. — iLLmnSATioN  or  Hjlhohed's  Method  or  Oacoiko  Arterial  PRESstntE. 


ILL  EFFECTS  OF  PROLONGED  HIGH  ARTERIAL  TENSION. 

The  tension  of  the  arteries  tends  to  predispose  to  apoplexy, 
especially  cerebral  apoplexy.  Where  it  is  continuous,  it  seems  to.  be 
one  of  the  most  powerful  predisposing  causes  of  chronic  Brig^tit's 
disease,  or,  at  any  rate,  the  two  conditions  are  intimately  associated. 
It  constitutes  a  most  important  element  in  pneumonia.  When  long 
continued,  it  will  lead  to  h3rpertropliy  or  to  dilatation  of  the  left 
yentride,  or  to  both  combined.  It  modifies  the  whole  of  the  vital 
processes,  and  hence  its  timely  diagnosis  is  of  the  greatest  moment. 


REDUCTION  OF  HIGH  ARTERIAL  PRESSURE. 

The  most  ready  means  undoubtedly  is  to  be  found  in  venesection. 
Hales  was  the  first  to  recognise  that,  as  the  blood  flows,  the  pressure 
faUs  and  the  pulsations  of  the  heart  increase  in  frequency.  Modem 
physicians  are  beginning  again  to  recognise  this  fact.' 

The  effect  of  moderate  hssmorrhage  is  to  amplify  the  pulse  waves, 
so  that  the  sphygmogram  becomes  dicrotic.  Thus  in  Fig.  2 1 6  is  repre- 
sented the  tracing  from  a  radial  pulse  before  hsemorrhage,  while  in 
Fig.  217  is  shown  the  tracing  of  the  same  pulse  after  haemorrhage. 

*  The  reader  is  specially  referred  to  Broadbent's  excellent  lectures  on  the  pulse  for  a 
dear  statement  of  the  beneficial  effects  to  be  derived  from  venesection  {British  Med.  J., 
1887,  i.  pp.  055,  707,  768).    See  also  preceding  remarks.     Section  364. 
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In  Fig.  21 S  are  represented  the  sphygmogram*  from  the 
a  horse,  from  which  Marey  and  Chauveau  (No.  346,  p.  337) 
varying  quantities  of  blood.  Lino  1  represents  the  tracing  1 
blood  hod  been  abstracted  ;  line  3  shows  the  condition  of  Um  ^ 
when  the  animal  was  lying  down — of  less  amplitude  tJuii  in  tW 
former  ;  line  3,  five  litres  of  blood  were  abstracted ;  line  4,  amAW 
depletion  to  five  litres ;  line  &,  depletion  to  two  litiw  ;  lint  1^ 
further  depletion  to  two  litres  ;  line  7,  still  further  depUtlMi  le  tm 
litres. 

After  each  haimorrhago,  there  was  an  increase  in  the  freqoencj  it 
the  pulse,  which  rose  from  45,  to  108  beat«  per  minnt«  ;  and  nt 
acceleration  it  exhibited  the  characters  of  feeble  tension.     Tfce 


Flo.  SIS,— B«oi«L  fciMt  Bsfou  BinmaBi 
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Pio.  117.— Raoi&l  Pcua  MnoL  ax  ABomuar  fl  ■■«■■■  »»■  m  •*■«  %t»ma. 

propelled  into  the  vessel  from  the  heart,  or  as  it  recoiled  fnm  tb 
aortic  cusps,  met  with  feeble  resistance,  and,  hence,  gaTe  rise  ta  Ik* 
characters  of  dicrotism.  The  pressure  at  the  end  of  the  mpiri— t 
had  fallen  from  15  to  5}  cm.  of  mrrcur}'. 

Similar  eifects  follow  depletion  in  Man. 

If,  however,  the  hietnorrh&ge  lie  very  copious,  Marey  states  (S*- 
346,  p.  290)  that  the  vesnels  l>egin  to  contract,  and  m>  render  tkiir 
calibre  narrower,  with  the  efTect  that  the  ample  pulse  waves  tf^ 
disappear. 

DlSKAlKU  ACCOMPAMKO   BY   LoW   AKTKRUL 

CI  I.  It  may  happen  that  the  natural  resilience  of  the  arlerklwifii 
is  lost  through  their  having  become  diseased.  Atheroau  it  ommQ^ 
quoted  as  the  commonest  cause  of  this.  It  is  poaeible,  bowvver,  tMt 
the  low  art«rial  pressure  co-existent  with  it,  may,  in  part,  be  aeeoonld 
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for  by  the  enfeeblement  of  the  heart  which  so  often  accompanies  an 
atheromatous  state  of  the  arteries,  or  by  loss  of  elasticity  in  the 
tisanes  generally  throoghoot  the  body. 

The  diseases  with  which  a  low  arterial  pressure  is  associated  are 


Fio.  SIS.— TsAccras  fbox  thk  Cabotid  or  a  Hobsx  ajtkb  Betcatcd  TEcmcnoxs. 

chiefly  certain  ▼alvular  lesions  of  the  heart,  diseases  accompanied 
by  gjeat  prostration,  certain,  although  not  all,  cases  of  anarmia, 
fevers,  collapse,  et& ;  bat  in  this,  as  in  the  opposite  condition,  no 
certain  rule  can  be  laid  down. 


Fio.  tl9.— horn  Tamoa  Pixn  or  PATnerr  rami  whom  Tta.  2M  w»»  tmruno— 
Ams  TBEAnmrr. 


Pulse  of  Low  Pressure— Dicrotic  Pulse.— Fig.  219  shows 
a  tracing  from  the  pulse  of  the  same  patient  from  whom  Ilg.  214 
was  obtained,  after  being  subjected  to  careful  treatment.     It  is  now 
the  sphygmc^ram  of  a  pulse  of  low  tension.    The  up-stroke  is  k 
than   previously,  and  its  tpex  is  less  pointed  -,  the  tidal  «■ 
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almost  disappeared ;  the  aortic  notch  is  deep ;  and  tho  dicTPtk ' 
is  high  ;  while  a  post  dicrotic  wave  ia  rocogniaablo  in  jdl  Um 

Various  degrees  of  dicrotism  are  recognised,  which  the  i 
ing  three  figures  from  Mahomed  may  serre  to  illuittikte. 

The  degree  of  dicrotism  is  calculnte^l  from  the  relative  pooliai  it 
the  aortic  notch  to  the  base  lino.  If,  as  in  A,  it  is  nmplj  wnan  i^ 
dented  than  usual,  it  is  known  as  dicrotic.  If  the  notch  is  oa  a  Irni 
with  the  base  line,  it  is  called  fully  dicrotic  (B) ;  and  if  it 


C      Ai 


fit,  no.— AcHOU  or  Ditrwkorr.Daai 
jk..  lUghUydiaratioL    B,  ftiUr  dlmda. 


0.1 


I 


below  the  base  line,  as  sometimes  happens,  it  is  odd  to  b«  hjrpcr- 
dicrotic  (C). 

The  cause  of  the  dicrotic  pulse  is  simply  that  the  small  arteria 
and  capillaries  are  in  a  state  of  relaxation,  and  allow  the  blood  to  pa 
r<^adily  through  them.  The  natural  elivaticity  of  the  veHel  tbcB  eoBM 
into  play,  and  the  walls  tend  to  colbpse.  This  allovs  th*  lew  of  tte 
sphygmograph  to  sink,  hence  the  depth  of  tho  aortic  notdL 

The  term  dicrotic  was  applied  to  thin  pnlas  loqg  btfora  th*  iavaaltaa  af  As 
■phygnognph,  (imply  on  ftcconnt  of  s  doubls  strain  Mag  Mt  ia  tfas  aitsisi  mtk 
etch  cardiac  tTstole.  It  is  often  an  iadkatlMl  of  ftsbb  tiMolBr  t«w  das  la  pasirfi 
of  the  mao-conttrictor  nerrea,  and  ia  a  ftsqWBt  SCOOlBfwIaisat  of  ftpns  ^Ik 

prwtration. 
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The  dicrotic  pulse  must  not  be  mistaken  for  the  pulsus  bifi^eminus  (see  p.  S74), 
where  the  beats  run  in  couples,  but  where  they  are  each  due  to  a  cardiac  systole. 
The  pulsus  bigeminus  is  due  to  irregularity  in  the  heart's  action. 

In  regard  to  the  feeling  imparted  to  the  finger  by  a  pulse  of  low 
pressure,  Broadbent  (No.  6,  1887,  i.  p.  710)  states,  that  the  one 
unequivocal  sign  is  the  absence  of  all 
resistance  in  the  artery  between  the 
beats.  The  impulse  is  also  usually 
great,  owing  to  the  relaxed  state  of  the 
vessels  permitting  of  a  copious  pulse 
wave. 

Monocrotic  Pulse.-The  dicrotic        p,„  j2,._mokoc«,t.c  pu«c 
wave  may  be  entirely  absent.     Such  a 

pulse  is  designated  monocrotic.  It  is  usually  increased  in  rapidity. 
It  is  a  sign  of  very  low  tension,  the  recoil  wave  not  being  sufficiently 
powerful  to  be  reflected  from  the  aortic  valve. 

The  pulse  of  fever  is  sometimes  of  this  type.  The  arterial  tension 
is  not  only  low,  but  the  tissues  are  relaxed,  while  the  heart  is  con- 
tracting vigorously  and  with  increased  rapidity.  Hence  the  pulse  has 
a  particularly-full  character,  each  heart's  systole  impelling  a  voluminous 
wave  along  the  relaxed  vessels.  As  collapse  approaches,  the  heart's 
action  being  less  vigorous,  the  pulse  may  become  both  small  and 
compressible. 

TRIGBOTIG  PULSE. 

612.  A  tricrotic  wave  may  sometimes  be  added  to  the  tracing.  It 
is  supposed  to  be  simply  an  exaggeration  of  the  oscillatory  wave  which 
sometimes  follows  the  dicrotic  in  the  normal  sphygmogram. 

According  to  Landoia  (No.  348,  p.  80),  the  up-stroke  may  also  be  sometimes 
marked  by  a  series  of  small  waves.  It  is  questionable  whether  they  may  not  be  due 
simply  to  vibration  of  a  defective  lever.  He  designates  the  curve  as  anacrotic 
when  the  ascending  part  is  interrupted  by  a  number  of  smaller  elevations  ;  and  as 
catacrotic  when  the  descending  part  is  similarly  intersected.  According  to  the 
number  of  these  smaller  curves,  he  employs  the  terms  anadicrotic,  anatricrotic — 
catadicrotic,  catatricrotic. 


Pulse  in  Valvitlar  Disease  of  Heart. 

613.  Most  writers  who  have  given  much  attention  to  the  subject, 
are  agreed  that  the  tracings  to  be  derived  from  the  arteries  in  valvular 
disease  cannot  be  rehed  upon  as  of  much  diagnostic  value.  They 
vary  even  with  what  might  be  regarded  as  an  identical  lesion  of  a 
particular  valve  in  different  individuals.  This  is  only  to  be  expected, 
seeing  that  the  amount  of  injury  to  the  orifices,  and  the  condition  of 
the  cavities  and  walls  of  the  heart,  seldom  correspond  in  any  tw" 
cases. 


up-8trolce  is  perpendicular.  The  aortic  insnflSciencjr  ilao 
the  iriteii.stty  of  the  dicrotism  by  there  being  only  an  imp&irrd  Mftie 
valro  lo  reflect  from,  or  owing  to  ita  being  entirely  destroyad.  TW 
dicrotic   wave   conse<\ueatly  becomm  leaa  ami  Ima  pfonoaneed,  thi 
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greater  the  extent  of  the  destruction.     Fig.  222  may  be  taken  as  a 
good  sample  of  the  tracing  from  this  pulse. 

In  other  forms  of  heart  disease  tracings  cannot  be  relied 
upon  as  of  constancy.  They  often  closely  resemble  tracings  in  which 
no  valvular  disease  exists. 


Pulse  in  Aneurism. 

614.  Where  an  aneurism  is  placed  upon  the  course  of  a  large 
artery,  it  usually  modifies  the  sphygmogram.  If  the  aneurism  be 
thoracic,  or  if  it  be  located  upon  any  part  of  an  artery  of  the  trunk 
leading  to  the  upper  extremity,  the  two  radials  may  show  different 
tracings.  Bramwell  says  (No.  349)  that  the  apex  of  the  tracing  may 
become  blunted  where  the  blood  passes  through  the  sac.     There  is, 
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Fid.  224.— Tbaciko  or  tbe  Pulse  in  Aothma. 


Fio.  225.— Sphyomooraji  of  Pulse  or  an  Old  Peiwoii— Fskale. 

however,  no  sphygmogram  which  may  be  said  to  be  characteristic. 
The  accompanying  tracings  by  Marey  (Fig.  223)  will  give  some  idea 
of  the  variety  of  forms  that  may  be  met  with  in  thoracic  aneurism. 
The  fact  of  there  being  a  difference  in  the  two  sides,  would,  when 
taken  along  with  other  physical  signs,  be  more  indicative  of  the 
disease  than  any  peculiarity  in  the  tracing  itsel£ 


PxrUSE  UNDER  VARIOUS  OTHER  CONDITIONS. 

615.  Atheromatous  Arteriitis. — The  tracings  in  this  disease 
are  very  uncertain,  and  depend  greatly  upon  its  situation  and  extent 
Arteries  are  so  frequently  diagnosed  as  atheromatous,  which  do  not 
show  after  death  the  slightest  trace  of  the  disease,  that  little  reliance 
should  be  placed  upon  statements  regarding  the  pulse,  which  have  not 
been  confirmed  by  post-mortem  examination. 

In  Asthma. — ^The  tracing  in  an  attack  of  asthma  may  show  a 
very  irregular  base  line,  owing  to  the  spasmodic  character  of  the 
breathing.    The  accompanying  figure  from  Dudgeon  dem.QXi«.t'n.<Aftt^ii&. 
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Old  Age. — The  characters  of  the  tracing  of  the  pulae  in  an  old 
person,  in  whom  the  arteries  generally  lose  some  of  their  elasticitr,  are 
the  following  (Marey,  Na  346,  p.  620) :  (1)  Its  amplitude  is  gnat ; 
(2)  the  line  of  ascension  is  brusque,  sometimes  jerky  ;  (3)  the  summit 
of  the  pulsation  forms  a  plateau ;  (4)  the  curve  fails  brusquely  after 
the  systolic  plateau;  (5)  the  line  of  descent  is  generally  devoiti  of 
dicrotism. 

The  amplitude  is  accounted  for  chiefly  by  the  dilatation  and  lo«  of 
elasticity  of  the  vessels.  The  loss  of  the  dicrotic  curve  is  owing  to 
the  same  cause.  A  certain  elasticity  of  the  arteries  is  necessat}*  in 
order  to  enable  the  blood  to  recoil  from  the  aortic  valve. 

In  Maniacs. — Consult  Zt«A«n.-  Sphygmoyraphiiche  UntersachuHgt*  <uk 
GeisUshranken. 
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Making  of  Casts,  Models,  etc. 

A  MOST  important  element  in  a  pathological  museum  is  a  series  of  well-execated 
casta  and  models,  and  as  those  which  can  be  procured  ready-made  on  the  Continent 
and  elsewhere,  illnstTative  of  morbid  anatomy,  are  so  unlike  what  they  are  intended 
to  represent  as  to  be  almost  useless,  a  few  general  directions  on  this  branch  of 
technology  may  not  be  amiss. 

For  several  years  the  author  has  employed  rough  models  in  combination  with 
drawings  to  great  advantage  in  teaching.  They  should  bo  of  such  size  as  to  be 
readily  seen  from  all  parts  of  a  large  lecture  room.  French  and  German  models 
are  as  a  rule  too  small,  and  in  many  cases  too  intricate. 

Casts  of  morbid  organs  are  much  preferable  to  any  drawing  that  can  be  made, 
and  as  they  are  just  as  easily,  or  more  easily  executed,  there  is  no  reason  why  they 
should  not  in  part  be  substituted  for  them.  An  intelligent  mechanic  can  be  readily 
trained  to  the  work,  provided  that  the  colouring  is  carefully  superintended  by  the 
pathologist  himself.  It  is  here  that  most  casts  fail ;  their  colouring  is  artificial, 
and  often,  not  copied  from  nature. 

For  the  making  of  castt  (not  mere  models)  the  use  of  two  substances  is  to  be 
recommended,  namely,  plaster  of  Paris,  and  what  the  author  proposes  to  call  after  its 
inventor,  "Cathcartine."  The  latter  is  superior  to  wax,  plaster,  or  any  composite. 
The  absolute  truthfulness  of  the  minute  impressions,  the  lustre,  and,  what  is  still 
more  remarkable,  the  pliability  of  this  substance,  place  it  far  above  any  other 
mixture  for  all  pathological  objects. 

The  Plaster  Cast— Many  casts  are  made  of  ordinary  plaster  coloured  with  oils, 
and,  certainly,  for  some  organs  it  suits  very  welL  Liver,  lung,  and  kidney  show 
admirably  when  cast  in  this. 

(a)  Making  of  the  Mould  from  a  Clay  Model. — Two  methods  may  be  adopted  in 
making  the  mould.  It  may  either  be  taken  directly  from  the  subject  in  gelatine 
or  "Cathcartine,"  or  the  subject  may  first  be  modelled  in  clay,  and  the  mould  sub- 
sequently taken  from  this.  Where  the  subject  is  of  a  very  delicate  nature  and 
would  be  injured  by  making  a  mould  directly  from  it,  model  it  first  in  clay.  The 
unhardened  brain,  the  eye,  and  other  delicate  organs  must  be  treated  in  this  way. 
It  is  always  preferable,  of  course,  to  mould  from  the  organ  itself. 

Modelling  in  clay  is  very  easy  as  compared  with  limning  on  paper  or  canvas. 
The  kind  of  clay  to  use  is  either  pipe-clay,  ot,  ^bat  u  «r««i&.  -igKlUsn&^v.  %sa  x«&. 
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cUy  •which  is  aoinctimea  to  be  procured,  »nJ  which  is  luucli  i-li' 
is  in  f^reat  part  done  with  the  thumb,  aided  by  certain  too! . 
any  artiat'a  coloarnian.     All  meaaarcuieata  iihould  b«  carefailj  UKcn   vi- 
and compasses.     The  model  Wing  finiiihed,  the  surface  ia  allowed  to  gti  •'- 
by  cspoearo.     When  it  has  become  firm,  it  ia  coated  over  with  spirit  tv 
is  allowed  to  evaporate.     If  the  subject  is  a  round  one  in  which  it  ia  i: 
show  all  sides,  two  stout  iron  wires  should  have  hwn  run  through  ;* 
the  model  ought  to  be  moulded  u{ion  tltvae.     Tliey  srrvn  as  sui: 
outer  piaster  casiug  ia  adjusted. 

The  next  stage  oonsista  iu  making  the  mittr  ptailtr  caatmgi,  Tk*  <lvjr  tmoiak  U 
loosely  covered  with  strips  of  thin  dry  paper,  care  bring  taken  of  oottiM  a«t  to  iajtm 
it  by  so  doing.  Slabs  of  clay  about  a  (quarter  of  an  inch  thick  apa  U*  ba  nOid  Md 
on  a  Aut  surfaco,  and  long  8tri|M  cut  from  tbfso  are  now  Ui'l  !*!>*''•     As 

the  points  whuro  the  strips  of  clay  moot,  tlic  intcrvaU  ah-  tu  Ik 
pieces  of  clay,  and  with  the  thumb  the  whole  is  to  bo  made  into  a  uoifbtm) 
Bha]M.     Plaster  of  Paris  is  next  run  over  the  clay  in  a  layer  from  half  to  en 
thick,  and  is  allowed  to  set.     If  it  is  a  round  subjoct,  such  as  a  ImlB.  tlik  ] 
covering  is  to  bo  built  up  in  halves,  tin?  lower  one  tirnt,  liringing  tb* 
between  tbeuL     Whru  the  lower  half  of  the  casing  ha*  began  to  set,  Om 
which  is  to  bo  in  contact  with  the  upper  half,  is  to  be  nmoothxl  iViirn  :  MH 
quitv  hitrd  it  must  be  coated  with  aom«  sahatance  which  will  "■•<  tM 

adhering.     The  best  mixture  for  the  pur|ioae  is  comjiosrd  of  n:  -lul  ] 

and  a  little  gum  dammar,  so  thick  that,  when  cool,  it  has  tlw 
honey.  It  is  melted  on  a  warm  bath,  and  it  rosy  he  rablied  on  cold  witkaka^* 
hair  lirush.  In  onler  that  the  two  halvoa  of  th«  easing  may  coma  into  ■wiila 
contact  when  adjusted  round  the  tabject,  it  is  neccMary  to  fix  them  wcMtiy  by 
means  of  a  peg  at  each  end  which  fits  into  a  corr««]>ondlRg  hole.  This  b  easily 
done  when  making  the  lower  half.  A  conical-shaped  hole  is  bored  in  its  ihiIm  «( 
contact,  and  is  smeared  with  the  stearin  mixture.  In  making  the  tippar  half  lla 
plaster  runs  into  this  and  forma  of  courau  an  accuistcly  fitting  ftg.  TIm  IffV 
half  of  the  casing  is  made  in  the  same  manner  as  the  lower.  Witea  batk  han 
thoroughly  sot,  they  are  separated,  aitd  the  rlay  and  paper  are  waiaead  fteli 
tlie  surface  of  the  subjoct.  A  hole  is  next  bored  at  one  point  in  tha  caaiaf  tlvm^ 
which  the  matrrial  employed  in  making  the  mould  may  In  pourvd.  Tba  fiislf 
ia  replaced  within  the  casing  (upportod  of  course  by  the  wire*  at  sack  ^ti.  Tlw 
join  in  the  two  halves  of  the  casing  is  renderrti  water-tight  by  clay,  aiiil  tha  wImIs 
casing  is  bound  together  with  stout  cord  to  prevent  the  up[ier  half  lUiatlag  By  ftaai 
the  lower  when  the  material  used  for  the  mould  is  ]ioutv<1  in. 

All  is  now  ready  for  making  the  mould,  and  it  next  comes  to  be  •  qinastioa  of  wkat 
it  ia  to  be  composed.  That  which  is  generally  employe<l  is  •  very  Strang  aolatfaa 
of  gehitine.  The  gelatine  ought  to  be  soaki<d  in  water  until  i|ulte  |tU*blc.  aa< 
melted  in  a  water-baith.  A  little  carbolic  acid  may  bo  added  for  pwerratire  par- 
poees,  mixed  up  with  some  glycerine.  The  solution  must  be  so  ■trong  tkat  w%m 
eool  it  can  be  pulled  about  like  a  piece  of  indiarabber,  and  banea,  of  enana,  mbM 
contain  simply  enough  water  to  melt  it.  A  material  which  ia  anparior  ia  aaay 
raapects  ia  the  before  mentioned  "Cathcartine,"  the  composition  of  whicb  ia« 
thua  by  Dr.  Catheart,  iU  inventor  (No  19,  Xov.  1685,  under  IVaaa.  tf  gUm.  . 
Otirurs/.  Soc.), 

Soak  glue,  or  what  is  preferable,  onlinary  French  gelatine,  in  vatar  satfl  il  bat 
twen  thoroughly  aoftenod.  Allow  it  to  lia  expoaed  so  that  the  water  waj  •**?"* 
nte  to  iiub  an  extent  that  the  gelatine  beeomea  pliable  but  not  aolt.  Mdt  tUi 
In  a  water-bath,  and  add  to  it  aa  much  ^yoeiina  by  maaaura  aa  tbera  «aa  dry 
galatina  bj  watghU    U  w  aXao  »i^.^axAa«;Ni«*  Vk  *&&.  %«>  Vb*  ^^i«aria«  abo«t  1  la  M 
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carfiolic  acid.     Mix  then)  thoroughly,  and  stir  in  the  finest  ground  oxide  of  zinc  sua- 
perilled  in  a  little  glycerine  until  tlicr  whole  mass  assumes  an  opaque  white  api>earance. 

This  mntcrial  is  invaluable  for  making  either  a  mould  or  a  (.-ast.  For  the  former 
it  is  preferable  to  puro  gelatisie  on  account  of  the  imprcision  being  finer. 

When  the  space  between  the  outer  pltistcr  casing  and  the  subject  is  nearly  filled 
with  the  medium  employed  in  making  the  mould,  the  casing  is  niored  about  so  as 
to  allow  any  retained  air  to  csca])e.  It  is  then  completely  filled  up  to  the  margin  of 
the  aperture  and  allowed  to  stand  for  a  night,  so  that  the  tnouM  ruar  thoroughly 
solidify.  The  casing  is  taken  off  next  morning  and  the  mould  cut  rauiid  into  halves 
viith  an  ordinarj-  scalpel,  a  piece  of  about  one  inch  being,  however,  left  to  act  as 
a  hinge.  The  subject  is  removed,  and  a  hole  is  made  in  the  moutd  at  one  part 
(the  least  important  and  fliitte-st)  through  which  plaater  may  Iso  pourcJ.  The  in- 
terior is  smeared  with  oil,  the  halves  readjusted,  arid  the  mould  is  again  placed  inside 
the  plaster  ca.sing,  the  two  parts  of  the  tatter  being  held  together  with  strong  twine. 
If  the  aperture  in  the  mould  docs  not  correspond  with  that  in  tlie  casing,  make  a 
fresh  one  in  the  Iatt«.T.  The  plaster  employed  for  the  cast  should  be  freshly  roasted, 
and  be  of  the  thickness  of  rich  crcnm.  It  is  poured  into  the  mould  through  the 
afierture  and  allowud  to  run  first  over  the  least  intricate  jiart.  The  ea.<tiiig  is  now 
railed  a1>out  in  such  n  maimer  that  the  plaster  runs  into  every  crevice,  and  when 
the  interior  has  received  a  thorough  coating  the  waste  plaster  is  allowed  to  escape. 
A  second  lot  of  plaster  l(ss  iii  quantity  than  the  first  is  prepared,  and  when  thn  first 
coating  has  set,  this  is  poured  in  and  moved  about  as  before.  I'lnco  the  ball  of  the 
thumb  over  the  ajH-rturc  just  as  the  plaster  is  beginning  to  thicken,  and  use  this  u 
a  plug,  so  that  the  aperture  itself  may  become  titled  up,  As  soon  as  the  second 
layer  of  plaster  has  set,  remove  the  cast  from  the  mould,  and  make  another  or  several 
others.  Keep  one  as  the  iwrmanent  subject  from  which  again  to  throw  ofif  dupli- 
cates, Hbfiuld  they  be  rciiuireJ.  The  gclatijie  or  "  Cathcartino  "  of  course  may  be 
melted  for  another  cost.  If  the  subject  be  spherical,  as  wo  have  supposed,  the  cast 
will  be  hollow,  nnd  all  that  remains  to  be  accomplished  is  to  cut  off  the  piece  of 
plaster  which  filled  the  ojwning  in  the  mould.  That  is  easily  done  with  a  knife  or 
liy  modelling  instnuueiits  for  the  purpose. 

B.  Makitvj  the  MoiMfroin  t/ie  AcUuil  Stibject. — Where  the  gelatine  mould  is  made 
from  the  organ  directly,  the  latter  should  be  pinned  down  U|>on  a  board  to  prevent 
it  floating.  A  wall  of  clay  is  next  to  be  built  up  alwut  three-quarters  of  an 
inch  all  round  it,  nnd  into  the  chamber  so  enclosed  is  to  be  poured  the  melted  gela- 
tine or  "  Cttthcartine."  The  organ  can  be  easily  removed  when  the  mould  is  cool. 
The  plaster  is  now  run  into  it  as  before. 

Pnintittfi  the  Pltutt4x  C<t3t. — Plaster  casts  ought  to  Iw  painted  with  a  mixture  of 
oil  |)aint,  tuqK'ntine,  nnd  gold  size.  The  plaster  must  bo  allowed  to  become 
thoroughly  dry  licforo  being  [laiuted.  It  is  best  to  dry  it  in  a  warm  room  or  before 
a  fir«,  an<l  while  still  warm  and  perfectly  free  from  moisture,  its  surface  is  to  be 
coated  with  boiled  linseed  oil.  After  this  has  soaked  into  it,  the  cost  is  ready  for 
painting.  The  organ  from  which  it  was  taken  should  meanwhile  have  been  kept  in 
ice  or  in  the  glyeerine  and  arsenic  mixture  described  in  Section  27.  After  the  ]iaiut 
has  thoroughly  dried  it  should  bo  covered  with  one  or  two  coats  of  copnt  varnish. 

The  Cathcaitine  Cast.— The  mould  must  Iw  made  in  plaster  and  in  one  piece. 
This  can  be  easily  done  without  coating  the  surface  of  the  organ  with  any  lubri- 
cating mixture.  If  it  is  luade  in  several  pieces  the  seams  leave  ridges  on  the  cast 
which  cannot  he  removed.  With  the  majority  of  organs  the  mould  can  bo  easily 
leonfiued  to  one  piece,  as  they  are  so  pliable.  Where  a  surface  is  hairy  it  ought  to  be 
Deared  with  a  thick  soap  solution  and  the  hair  thus  flattened  down.     It  may  even 

1  necessary,  in  the  living  subject,  whore  the  part  is  extremely  hairy,  to  cover  it  with 
\  thin  vet  rag.    This  readily  adjusts  itself  to  the  shape  of  th«  BQ.t^Q^    'CV«'B>.'ts«i>&. 
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luring  been  reaiov»l  and  dri«Hl,  ia  coated  with  sjilrit  vsrnuh.  Tlic  "  Catbamisr 
ia  nofr  poured  into  it  in  •  inelttd  sutc  and  allowed  to  rait  all  c>v«r  the  tntrriiw  m  m 
to  form  ■  layer  about  one-quttrt<'r  inch  tLiclt.  The  mould  mnat  b*  oeaitaaamrij 
inortwi  about  antil  thn  medium  ha«««t.  When  thornit^hly  hanloaod  tha omK  b fdU 
out  of  tlio  mould  so  lu  to  eimnre  that  rvcry  put  i»  lo««r.  U  ia  rapLaead,  «b4  •  tkk 
layer  of  cotton  wool  is  laid  over  tlie  interior,  whilo  oner  thia,  uftia,  piMtaK  fa  ffHH' 
to  tha  depth  of  about  an  inch.  The  pUatar  baaia,  whra  aat,  ia  viUttewa  ala^vid 
the  cotton,  and  followed  by  th«  '*  CathcartintL''  Tb*  Uum  ar*  ftnaUy 
that  the  plaster  forma  a  firm  tupport  for  the  caat,  and  ivtaiiu  It  ia  altipik 

Painting  tht  Catheartine  CaM.—CwU  made  of  thii  material  afaoold  b* 
with  a  mixture  of  oil  ouloum,  tur(tcntinc,  and  gold  aixe.  Who*  Um  iaSi  tiatii  t 
■kin  is  to  bo  repreaentud  the  proMm  of  "flatting"  tj  to  b«  adopM — llMt  k  to  af, 
the  paint,  which  should  contain  tur|>pntin<<,  is  to  bs  toached  lastly  all  ««w  vilk 
a  dry  hog'a  hair  brush,  »o  aw  to  remnvu  uiuliin  f^loaaiaaab  A  maA  '<*^Hfcp  M|m- 
aentation  of  the  lustre  of  the  skin  can  be  produced  if  a  littl*  torn  \m  liiatiaj  •■  «iik 
the  brush  when  the  paint  ia  half  dry,  aud  the  exoeaa  ramorcd  by  awltrhl^g  wttk  a 
piece  of  light  lin«u  or  silk  rag- 

If  it  be  BO  desirvd,  thi<  {Huut  may  Anally  ba  eortnd  with  ■  raatiBf  «f  oofal 
varnish,  or  those  parts  which  are  to  appear  moist  can  ba  (onehaU  with  it. 

To  make  a  Mask.— (1)  iVkcrt  t^  out  luu  to  bi  tknw  ^ im  flatttr  ^hummM 
may  b«  made  in  gelatine  if  sufficient  time  can  ba  aparsd  lu  allow  ikm  jpJaliH  to 
cool.  Sometimes,  however,  thia  is  irapnctlcabU,  and  then  the  Boold  aaat  Iw  lain 
simply  in  plaster.  If  a  gelatine  mould  is  to  be  made,  the  bock  of  tlia  band  akaalj  la 
supiKirted  on  a  block  of  clay,  nnd  a  wall  of  clay  ahonld  be  built  np  of  wffli  tart  bli|kt 
alt  round  this  to  preri<nt  the  gdatiua  fhym  aaeaptaf.  If  it  Is  fouad  Meaaaiyta 
make  a  plosti^r  mould,  the  hair  ought  to  bo  flxod  down  with  tha  auap  aolatfaa  JM 
refern«l  to,  ami  the  face  brushed  over  with  rlay  wat«r  or  olire  oiL  Clay  watv  b 
perhap»  the  better  of  the  two.  The  mould  should  then  '«  'mill  up  in 
will  afterwords  "  draw  "  from  the  cast — that  is  to  aay,  \v  -lut  ba 

A  thin  pieceof  string  may  belaid  over  the  subject  in  a  s]^"..: u<i«,  pbatorbaa^ 

continuously  Bpplie<l  over  this.     When  the  pUirt«r  ia  just  hrroming  hard.  Ilia 
is  pullwl  upwards,  thua  severing  it  at  thia  particular  ]>oint ;  or  the  laanld 
taken  in  one  piece  and  aftorwaida  broken  with  a  chiacl  and  tuunmar. 

(2)  IVKen  tht  coal  haa  to  be  tAroKit  of  ia  "  <:atAenrtint,"  of  conaa  it  A 
matter  if  the  mould  ia  made  in  one  piece,  and  in  fart,  whria  pytit^bhy,  it 
always  be  so.     The  Cathcartine  b  ao  pliable  that  it  will  draw  oat  of  alauMt  ay 
nwold.     The  mould  for  a  mask  and  bust  con  be  readily  made  in  |daat«r  ia  a 
piece. 

In  the  making^  of  modela  the  following  sutiataneaa  will  ba  fooad  moa 
Carttm-piem. — This  Ls  an  excellent  malarial  for  making  all  kinda  of 
ahould  be  reasrrcd  for  tho«e  which  are  not  to  ba  aslijattod  to  vcty  roagh  Map     Tk 
paper  model  attbaaqaeatiy  deacribed  will  atand  mora  knocking  aboat  than  o«a  imfc 
of  thia. 

Take  of  papar  palp  (dry)  .    3   lbs. 

.,     flour       .  .    *i   „ 

„     watar  .20  pinU 

„      glna        .  .     6    Iba. 

Prna^ipitatod  chalk  and  plaster  of  Paris,  a  aafficienc}-. 

The  pulp  reqniraa  to  b«  very  fine,  and  bonce  it  is  wall  to  buy  it  fiaai  tlw  fifV 
or  picture  IVamo  manufsctttrem,  who  tear  it  into  very  amall  ftagnaata  hf  aaaaa  ft 
a  special  machine.  The  floor  ia  to  be  converted  into  paato  with  twalv*  {data  •#  ifcf 
waUr,  tad  tha  reiaautdsi  <A  >3m  "aitex  \»  \a  Vm  ^uad  (or  maltiaf  tha  gtas^  whUk 
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•honid  be  fint  steeped  for  a  night  in  it.  The  pulp,  paste,  and  glue  are  then  mixed, 
and  sufficient  chalk  added  to  form  a  thin  paste.  This  is  incorporated  with  plaster  of 
Paris  as  it  is  abont  to  be  nsed,  a  small  quantity  being  rubbed  in  at  a  time.  A  gelalitu 
would  is  to  be  employed,  and  into  this  the  carton-pierre  is  to  be  pressed  in  a  thin 
layer.  As  the  material  is  heavy,  it  is  advisable  not  to  make  the  layer  thicker  than  a 
sixteenth  to  an  eighth  of  an  inch,  unless  the  model  be  very  large.  Paint  with  oils. 
OiltUr's  Putttf. — Where  a  very  strong  substance  is  required  in  constructing  a 
model,  gUder's  putty  may  be  found  nsefuL     It  has  the  following  composition  : — 

Besin 1  lb. 

Glue     .  .     1  „ 

Boiled  linseed  oil         .  .  .2  gUls. 

Precipitated  chalk  a  sufficiency. 

The  glue  must  first  be  thoroughly  soaked  in  water  and  melted.  The  resin  is  to 
be  dissolved  in  the  boiled  linseed  oil,  and  the  two  are  then  mixed.  They  are  subse- 
quently stirred  into  precipitated  chalk,  so  as  to  make  the  mixture  of  putty-like 
consistence. 

Models  made  of  Paper. — Excellent  models  of  large  size,  where  lightness  and 
strength  are  required,  may  bo  made  simply  of  paper  and  paste.  They  are  chiefly 
valuable  in  teaching  such  subjects  as  the  pathology  of  the  air-vesicles  of  the  long, 
the  glomerulus  of  the  kidney,  the  malformations  of  the  genito-urinary  organs, 
and  many  others  that  the  ingenuity  of  the  teacher  may  suggest  They  give  to  the 
student  an  idea  of  the  relationships  of  the  diseased  organ,  which  otherwise  every 
one  engaged  in  teaching  must  have  found  it  difficult  to  impart,  and  are  much  prefer- 
able to  diagrams. 

The  subject  is  first  to  be  modelled  in  clay,  and  a  plaster  mould  is  subsequently 
taken  from  this.  After  drying,  stearin  is  brushed  over  the  inside  before  a  fire,  and 
allowed  to  soak  thoroughly  into  the  plaster.  A  quantity  of  coarse  gray  or  brown- 
coloured  paper  must  be  procured,  and  a  large  quantity  of  strong  flour  paste.  If  the 
model  is  to  be  large,  the  paper,  or  at  any  rate  the  interior  layers,  should  be  thick, 
almost  like  very  thin  pasteboard  ;  if  it  is  to  be  small  in  dimensions,  a  thinner  paper 
may  be  used.  The  paper  is  first  soaked  in  water  until  it  becomes  quite  pliable.  A 
•ingle  layer  is  pressed  into  the  mould,  and  is  covered  with  paste.  A  second  layer  is 
placed  over  this  and  again  smeared  with  the  paste,  and  so  on,  seven  layers  being 
usually  sufficient.  It  should  be  remembered  that  the  paper  is  to  be  torn,  not  cut 
The  model  is  now  allowed  to  dry,  and  in  doing  so,  it  will  be  found  that  it  usually 
springs  spontaneously  out  of  the  mould.  If  not,  the  mould  should  be  placed  with 
its  back  before  a  gentle  fire. 

The  surface  of  the  model  is  to  be  covered  with  a  mixture  of  precipitated  chalk 
and  thin  gelatine,  and  when  dry,  this  is  rubbed  down  with  a  damp  cloth.  It  ought 
to  be  painted  with  a  mixture  of  japanner's  gold-size,  white  lead,  and  turpentine. 
When  dry,  the  whole  model  is  to  be  coated  with  copal  varnish. 

If  the  model  is  to  bo  made  hollow,  it  may  be  cast  in  two  halves,  these  being 
subsequently  united  by  a  torn  slip  of  paper  and  paste.  The  interior  should  be 
supported  by  pieces  of  wood  running  &t>m  side  to  side. 

LUeralure  on  Modelling,  etc. — Bom:  Arch.  f.  mik.  Anat,  zxii.  188S,  p.  845. 
Boulby  (New  Material  for  Casts) :  Brit  Med.  J.,  1882,  ii.  p.  783.  Cathcart  (Material 
for  Making  Casts) :  Trans.  Med.-Chir.  Soc  Edinb.,  iv.  1884,  p.  273.  Selenka  (Metal 
Models  of  Microscop.  Preparations) :  Sitzungsb.  d.  phys.-med.  Soc  zn  Eriang.,  zviii. 

1885,  p.  26.     Strasser:  Zeitschr.  I.  wissensclu  Mikroakopie  u.  f.  mik.  Techiiik.,  iii. 

1886,  p.  186  ;  Ibid.,  iv.  1887,  p.  168. 
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Abscess,  septic,  677 

Absorption,  265 

Acetonseroia,  581 

Achromatic  figare,  853 

Acidity  of  blood,  450 

Acids  and  alkalies,  action  on  vessels,  327 

Actinomyces,  staining  or,  188 

Adenoma,  164,  400 

Adhesions,  243,  296 

Agar  medium,  115. 

Agar  and  glycerine,  118 

Age,  467 

Aglobulia,  461,  496,  497 

Air  embolism,  207,  689 

Air,  expired  —  testing,  155;  testing  for 
germs,  152 

Albokalin,  511 

Albumin  an  emulsion,  822 

Albuminoid  disease,  167 

Albuminous  liquids,  321 

Albuminuria,  210 

Alkalinity  of  blood,  450 

Alum-Carmine,  78 

Alveolar  sarcoma,  371 

Ammonia,  472 

Amoeboid  movement  theory,  233 

Amyloid,  167  ;  artificial,  170 ;  bodies,  170 

Anemia,  328,  496,  668,  571,  705;  de- 
grees of,  497  ;  from  hemorrhage,  499  ; 
from  organic  disease  of  stomach,  500  ; 
from  valvular  disease,  600  ;  pernicious, 
502  ;  varieties,  499 

Anemic  constitution,  500 

Anasarca,  330 

Anastomosis,  689 

Aneurism,  590,  662,  670  ;  pnlse  in,  713 

Aneurismikl  varix,  670 

Angeiomata,  393 

Angeio-sarcoma,  874 

Angina  pectoris,  575 

Angle  of  aperture,  100 

Aniline  Dyes,  84 

Anthrax,  preventive  inoculation,  142 

Aortic,  disease,  624, 629 ;  and  mitral  disease, 
625,  639  ;  notch,  701 ;  valve,  610,  615 
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Apochromatic  lenses,  101 

Argyria,  179 

Arteries,  660;  anastomosis,  689;  calcifi- 
cation, 669  ;  closure  after  ligature,  305  ; 
contracted,  695  ;  healing  of,  674  ;  hyaline 
degeneration,  673  ;  hypertrophy,  669  ; 
ligatured,  666  ;  simple  fatty  degenera- 
tion, 663  ;  syphilitic,  664;  terminal,  679 ; 
wounded,  healing,  306 

Arterial,  dilatation,  324 ;  pressure,  S23, 
healthy,  694,  high,  ganging  of,  707, 
means  of  modifying,  704,  measurement, 
697,  and  disease,  705  ;  recoil,  680, 695  ; 
tension,  560 

Arteriitis,  atheromatons,  661 ;  deformans, 
661  ;  malignant,  668  ;  obliterans,  664  ; 
points  of  distinction  in  various  forms, 
665  ;  purulent,  667  ;  warty,  667 

Arterio-capillary  fibrosis,  672 

Ascites,  830,  333 

Asthenia,  cardiac,  575 

Asthma,  pulse  in,  713 

Atheromatous  arteriitis,  661,  713 

Atmospheric  germs,  Hess's  method,  153 ; 
Miquel's  method,  153  ;  Pawlowsky'a  ap* 
paratuB,  154  ;  testing  for,  1S3 

Atrophy,  32,  170 

Atropine,  326 

Attenuation,  by  chemical  reagents,  145  ;  by 
compressed  oxygen,  146  ;  by  heat,  148  ; 
by  light,  146 ;  of  microbes,  141  ;  of 
moulds,  146 

Automatic  burner,  Koch's,  130 

Bacilli,  cancerous,  407 ;  tnbercnlar,  434, 

419 ;  syphUitic,  440 
Bacillus  pneumonite,  606 
Bacteria,  vtaining,  133 
Bacteriology,  practical,  112 
Bidder's  ganglion,  568 
Bile,  acids,  470  ;  pigmentation,  179 
Bitra,  poisionons,  332 
Bizzozero  on  Thrombosis,  301 
Bladder,  examination  of,  17  ;  fcoitt'v  '^'^^ 
Blood,  444  •,  »V,  44^  %  t\i<so!»S\<sn.  <«.  '««- 
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piuelM,  102 ;  eircoUtion  through  tubes 
207 :  conflation,  189,  300,468 ;  coloured 
eorjiniicles,  H8,  numher,  447,  (iu,  447. 
»p«clHc  gnvity,  148 ;  coIourlcM  cor- 
pusclea,  44S  ;  copper-nHlucing  aalMtaoc* 
in,  &26  :  corpiucle-holding  celb,  497  ; 
compoaition,  droixy,  327 ;  corpuwlea, 
484,  formation  of,  494,  giaiit^  497, 
la  anwmia,  497,  uuiiipration,  45fi  ;  cor- 
pUKulir  elenivnta,  180  ;  diabetic,  au^r 
lb,  C2S  ;  diainfectioo  ot,  1  47  ;  cITact  of 
phy<iolo)nval  conditions  445 :  fzamiiM- 
tiou,  47')  ;  extractives  445  ;  gaaeral 
character  in  health,  444  ;  liKnutoUaaU, 
186;  in  chloroaiii,  50]  ;  in  fifoiit,  <>43  : 
inrheuniKtiani,  636  ;  lencocylhirmift,518; 
nentral  fats  445;  ptaama,  445;  pro- 
teids  445  ;  quantity.  445  ;  roaction,  449  : 
•erum,  118,  446,  Unita's  118  ;  touroeaof 
corpUHcles  470 ;  lourceaaf  leueouytas  476, 
479  ;  specific  gravity.  328,  444  ;  aiigsr 
in,  623  ;  platM,  300,  340,  449,  463, 482. 
484,  606  ;  prewure,  234,  328 

Blood-vauels  fatty,  674;  healins,  271, 
878,  380,  300  ;  nerve  aiipply,  660  ; 
normal  Rtructuro,  660 ;  |>criph«ial  and 
aiial  ttreaiii*.  196  ;  peraidou  UMnU, 
506 

Blaiali.pink  palUcls  276 

Bona,  SIS ;  regeiMntion,  808  ;  tnmoan  of, 

Bone-marrow,  477  ;  aa  blood  tranaformlDg 
et^an,  489  :  in  p.  aaieraia,  606 

BflUillon,  112 

Brain,  6'JO  ;  exanilnation.  20,  45  ;  gelatine- 
jiotaah  method,  46  :  Oiacominl'i  procam, 
47  ;  inflarrtioa,  682  ;  pernicioua  wunniii, 
606  :  Pitrea'  wctions,  22 

Brvail-iia«te,  119 

Bmntins  150 

Brviichiti*.  nn,  705 

Bniits  653,  1154 

Bueiuwaa  oo  voogvlaUon,  340 

CaLCtriOATion.  18S,  692,  618,  662,  669 
Calcnlns  338 
CWiuera  lacliU,  106 
I  Canijitior  moiiutluK  fluid.  94 
'  (Vltada  IlalMtiit,  95 
CMMwr,   400  :   '  :    "■       407  ;  Moot!  v — ■'- 

40S:     d.  403;     foi 

MS;    lyt.r  s.-Uou.  407  ; 

nancy,  407  ;  mvlMioik',  408 
dpillaries   S2«,    620,   660 ;    fatty,  674  ; 

hyalliw.  673 ;  obatmcteil,  696  ;  wax-like, 

169.  674 

{-■-..I    ..I  ...,.:    1       1   if) 

i  •mis  649 

i  .     JO 

Cnrdiac,    aaUienia,    675  ;    KUit^la,     568 ; 

narraa    and    heart'a    melabdiUin,   M6 ; 

plMiu,  661  ;  thrombi,  6X3 
Cudiodrnb,  &75 


CardinjU  lymptomi  of  Infltniwiff ,  tC9 

Carmioe,  77  ;  and  bwttag  fIvM.  7t 

Cartilage.  312  ;  intlammatton  oC.  SM 

Cartllai;tnouji  tutnour,  hyalhi*,  SM 

CarKiii-iiierrr,  71S 

Caaratlou,  180,  267 

Caaeiu,  341 

Caatu,  715 

(.'atarrhal,    |iueamDnl«,   248  ; 

262,  264 
CaUicarttne,  716.  717 
Oaton,    luatruiuabt   for  lUh   tail,  817:   i^ 

■    .W.Ufl,  216 
C:i  0,393 

Cti;,  .. .;i 

(Vllotdin,  60 

(.'elU,     divinion,     diract,      SM ; 

dlrition.  351  ;    nicthoiU  of 

ting,  357  ;  tvproilartiui,  360  ; 

349  ;  pathological  diviaion,  8M 
C*«r«faral  aanruinis  671 
(Vrebro-Kpinal  lliiuirl,  344 
(nialk  meUuUns  182 
Chancrri,  hard,  315;  utfl,  317 
Charrot-Robtn  cryrtalj.  611 
Chauveau'«  »yatem  of  aUaBiutlan,  liS 
ChlonU,  ISO,  627 
Chlorias  150 
Chloroferni,  527 
Chloronia,  5n6 
Chlororis  500 
diolera,  664 
Chondroma.  384 
Chorda  tandln— ,  mptnra,  630 
Chromatic  ftgars  363 
(1,, — :..  i..>.~,iiual  pMumoain,  «M 
C.  .181 

C  .  1.  «7» 

CicalrKdi^t  Uy«,  87S 
Cinnabw,  elmUkton  tkiwigh  tnbaai.  SO 
ClrMilitlMi,bInoii-oor]>u«cl<«,tI I ;  of  ly 

921  ;    thrvBitb    eapillarr    Inba^    9Sfi 

through  Inbaa,  1 96 
Cinoid  aarorlam,  670 
Clarlfyina  u-  AicntU.  90 

aot«.  In;  I 

Cloady  ■ 
Coa^lat 

Coafftila' 

.■„»,,.■.  f 

omntkm,  174 

<.Jc>l»niln.:  "T|-arrlw.  484 

Colour '■;  ( 

Common  S^lt,  i:>l  ;  IqjaeUoao^  SBI 
Compound  hlitiold  naaiiiafliMla*  SM 
Oondylouiata,  399 
CanfitttlnaUoD,  301 
Oai^anctivi.  tmn>iiUulia(,  SQ7 
Connn-i;  iiftfcfifcy.  I> 

Comes  >:  T  rtnlnlut  >4> 

OOTBH,  ludameit,  251,  S6S  ;  ttrKtaN,  ta 
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Corrigan,  pulse,  712 ;  theory  of  mnrmnn, 

656 
Corrosion  iireparations,  75 
CorrosiTe  sublimate,  140 
Cotton  plugs,  121 
Coanting  of  colonies,  127 
Covering  and  cementing,  96 
Crise  hvmatique,  483 
Croupous,    exudation,    235 ;    pneumonia, 

689 
Culture  media,  112, 114,  preservation,  120; 

tubes,  120 
Cylindroma,  375 
Cysts,  407,  414 

Dammar  lac,  96 

Decalcifying  fluid,  97 

Decomposition,  183 

Degenerations,  170  ;  atrophy,  170  ;  calcifi- 
cation, 182  ;  caseation,  180  ;  coagulative 
necrosis,  180 ;  cloudy  swelling,  172  j 
colloid,  174  ;  fatty,  178  ;  gangrene,  183 ; 
mucoid,  176 ;  pigmentation,  177  ;  of 
hypertrophied  heart,  650 

De  Benzi,  reaction  of  blood,  450 

Development,  162 

Deztrins,  521 

Diabetes,  insipidus,  520  ;  mellitus,  520 ; 
organs  in,  629  ;  causes,  528 

Diabetic  coma,  533  ;  organs,  preparation, 
534 

Diaceturia,  532 

Diapedesis,  224,  230,  233  ;  history,  229 

Dicrotic  wave,  701  ;  pulse,  709 

Diffuse  aneurism,  670 

Digestion,  disordered,  572 

DilaUtion,  628 

Diphtheria,  607 

Direct  division  of  cells,  356 

Discharge  ttom  wound,  278,  283 

Disease,  definition  of,  161 

Diseases  with  high  arterial  pressure,  705 ; 
with  low  arterial  pressure,  708 

Dissecting  aneurism,  670 

Disinfectants^-carbolic  acid,  149  ;  chloral, 
150;  chloride  of  zinc,  150;  chlorine, 
bromine,  and  iodine,  150  ;  common  salt, 
151  ;  corrosive  sublimate,  149  ;  ozonised 
air,  161  ;  phenylpropionic  and  phenyl - 
acetic  acids,  151 ;  sulphurous  acid,  150  ; 
thymol,  149 

Disinfection,  147  ;  method  of  experiment, 
148  ;  organisms  of  suppuration,  151  ;  of 
blood,  146 

Division  of  pathological  cells,  355 

Drawing,  microscopic,  106 
I       Dropsical  liquids,  340  ;   coagulation,  340  ; 
decomposition,     342 ;     proteids,     342 ; 
proteids  and  diagnosis,  844 

Dropsy,  318  ;  nomenclature,  330  ;  special, 
330 ;  definition,  322 ;  general  causes, 
323 

Dry  lenses,  101 


Ear,  enlargement  of  in  rabbit,  324 

Kberth  and  Schimmelbusch  on  Thromboais, 
301 

EichoTst's  corpuscles,  497,  606 

Embedding,  60 ;  mixture  for  bone  and 
tooth,  62 

Emboli,  septic,  677 

Embolism,  677  ;  air,  207,  689  ;  fat,  687  ; 
pulmonary,  686  ;  and  inflammation,  235 

Emphysema,  644,  705 

Endoarteriitis  chronica,  nodosa  s.  defor- 
mans, 661 ;  verrucosa,  667 

Endocarditis,  595  ;  chronic  changes,  599  ; 
diabetic,  607 ;  from  gout,  600 ;  idio- 
pathic, 609 ;  malignant,  600  ;  morbid 
anatomy,  596 ;  organisms  of,  601,  60S, 
604,  605  ;  pneumonic,  607  ;  rheumatic, 
595 ;  sites,  596 

Endocardium,  structure,  694 

Endothelial  desquamation,  240 

Endothelium,  397  ;  of  vessels,  483 

Eosin,  83 

Epitheliomata,  397 

Epithelium,  397  ;  in  healing,  268,  278 ; 
pulmonary,  243  ;  regeneration,  807 

B^march's  method,  fractional  culture,  126 

Enealyptol,  233 

Exudations,  319,  330 

Exudation,  inflanmiatory,  235 ;  of  liquid, 
232 

Faub  aneurism,  670  ;  membranes,  235 

Farrants'  solution,  93 

Fat  embolism,  207,  533,  687 

Fatty,  degeneration  and  infiltration,  681 ; 
heart,  medico-legally,  686 ;  infiltration, 
166  ;  degeneration,  173  ;  tumour,  388 

Fever,  345 

Fibrinous  lymph,  296 

Fibroblasts,  271 

Fibro-chondroma,  386 

Fibroid  phthisis,  646 

Fibrous  tissue,  and  healing,  271  ;  regenera- 
Uon,  307 

Fibrous  tumour,  381 

Filtering  organisms,  132 

Fish  tail,  217 

Fistula,  lymph,  342 

Flesh,  tubercular,  434 

Foetal  tissues,  transplantation,  311 

Fourth  ventricle,  puncture,  627 

Fowls,  tubercular  infection  fh>ro,  433 

Fractional  cultivation,  124 

Freezing  fluids,  58 

Friction  theory  of  murmnrs,  666 

Frog's,  bladder,  216 ;  lung,  216  ;  mesen- 
tery, 216;  tongue,  215,  225;  web, 
circulation,  192,  214 

Fusiform  anenrism,  670 

Gahoretie,  183 

Gelatine  and  fre»iVvviteA!VTOiT!wvi*,'>V 


^^^KtP                                                    ^H 

^^^^^^  a«niu,  Btmosphario,  tastiug,  162 

fttiietioiul  dtaauM.  5M ;  kypa*M*r>   ■ 

629  :  hypertrophic.  deirneratiiM,  «•  ;  ^^M 

^^^^^Oiant-celU,  1291 

^^^^^^BOilmon  ou  WooA  oorpuKlea,  493 

iJiojiathichyi>nrtrDphy,649|  tonfmlMly,  ^^^| 

^^^^^    Gllilrr's  pully,  71» 

674  :  mairomiatioDa,  698  ;  MVeautlttK  ^^H 
68»  ;  nerve  aapply.  «M:  ottteM.  «»(  ^^1 

^M                    Olui<l  tisxiie,  iiiHaiueil,  244 

^B                   OUu  tmiiKhs  for  cultunw,  126 

■                  Oliomk,  373 

687  :  retarded  beat.  67S  :  nptatm.  HB  ;  ^^M 

^^^            Glomemlo-neplmUa,  647 

(Tpbaitic  diMW.  692  ;  tMlo  f  ii  tlM^  ^H 

^^K          Olycogra.  621 

631  ;   turooan,    693  ;   «mh«tar    Mas*  ^^H 

^^^B           Glycogenic  function,  522 

670  ;  wax-like  dlMaa*.  &M :  wi4«iMi  «■<  ^^H 

^^^            OlyoogeDctic  function,  S21 

mMnranaula,    b7a,     U    iMhm^    •Mt.^^^H 

H~                  Olycocoria,  ex|>eriiuent«l,  627 

pngnuey.  660 ;  Sbn,  itilMW  aC  ^^M 

^^_             Glycerin*,  95;   i^^r,  118;    jeUy,  44,  SO, 

13;  naarl*,  automatlMN,  Hi;  botMv-^^H 

^^B                (FfainUtoD)  94 

tion,  695,  697.  698  ;  rbytkiB.  TM            ^^M 

^^^^^^     Glycol) rj&,  620 

Hrw'i  method,  atMoapbarte  gm^  151          ^^H 
Hopix-Seyler,  hwBO^obta,  4«1                        ^H 

^^^^^^  Gold 

^^^^^H  Gold  DtoiiK-d  cornea,  24B 

Horn*,  399                                                           ^^H 

^^^^^  Qolgi'a  iitaiii,  83 

■                  GoAorrliipal  rbcuniatinB,  6SS 

aahataaM,  67a                                              ^^H 

^^_           Goat,    638,    706;    dlapfangtnaUc,    676; 

Hydnutia,  SW                                           ^^H 

^^H               (wthological  uiatomy,  543  ;  theorios  644 

^^^B           (.touen,  hiunioglobiuoincter.  463  :  DumtTk- 

HydrooeK  eoogHiltaJ.  SM t  •M7ite4aM    ^^M 

^^H              tion  of  blood  oorpuiclt*,  460 

Uydrocexihaliu,  390,  333                               ^H 

^^^K^^   Uram't  riroo«M  of  ttaining.  134 

Uydrom«nlagoo«il«,  3M                                  ^^H 

^^^^^^r    UrnuuUtiou.  boding  by,  274  ;  liwua,  274 

Hydromydla.  336                                             ^H 

^^^^^^1  Granulations    (labhy,   278;    fommtion    of. 

Hydronephroabs  338                                         ^^H 

^          '.'74  ;  iiitlucDce  in  healing,  2^3  ;  natural 

Hv.i— .— -"HMim  380.  332.  667                    ^H 

^^^V               iktro|>liy,  284 

><.  341                                        ^H 

^^^^       Grape  iiugar.  841.  52S 

Hv                  Ki0,88«                                    ^H 

^^^^^LOrowlL, 

Hydrolhoiu.  330.  333                                    ^^M 

^^^^^P  Oumiuata,  439, 

By^ialbnmlnoaU.  466.  49«                               ^^M 

^^^^^r^ 

Hv;                  utia.465,  49«                            ^^M 

^^^1            HjmacYTDKKrsR,  466,  450 

^^M 

^^H           HamatoblasU,  300,  340,   449.  463,  482: 

Hy                  32.  164,  CSS;  af  M«iri«,  ^^B 

^^H              (H»yem'«),  186,  484 

^'>lrular  lU— ae,  SSS  ;  Um*          ■ 

^^B          Bmnatoitliu,  178 

^^B 

^^^B           Umnatoiylcna,  79  ;  regBDermtiooi,  ftS  ;  tUin 

llyptucata,  496                                                        ^^H 

^^^^               iHaniiltou),  81 

HypinoUe  diaaaMa^  471                                  ^^1 

^^^^H    II                 .  462  ;  MUKm  uf,  479 

Hy|K>xauthin,  610                                           ^^^1 

^^^^1    li                      177,    341,    460,   462.   606; 

^^^H 

^^^^^                                           in  diM>aa«.  464 

lHMCH»IOi<  laiUM.  101                                         ^^^1 

^^^F                            '<riirt«r,  462,  463 

Ittinittuity  trom  dUaaaa.  146                          ^^H 

^^H 

Inanition.  466                                                  ^^^| 

^^H          UvmatTiiagB.  461.  607,  510  ;  In  infatr.tiou, 

Incnbatlon  chanih«r.  128                                ^^^^ 

^^^H              680  ;  pokatdUl,  666  ;  Tits]  phenomena. 

indigo-carmine.  70                                          ^^^H 

^H 

ludhwt  dlirtBiMI  of  «tlK  391                             ^^H 

^^^1          R«rd  ekanei*,  316 

Infanrtion.  608,  87»  ;  artiiokl.  «8«               ^^M 

^^H           UaHenlBC,  64  ;  Imin,  66  ;  aolBUoiia  "  A," 

InOltraliQM.  166                                           ^H 

^^M              "B."-C"«ta.,64 

^^^1          Hayciu  on  ThremlMMta,  SOI 

laaaouMtiaa,    186  ;    csnUBal    ijwuliMi.  ^^H 

^^H          HMUng,  268  ;  by  lint  tntantlan,  169  ;  by 

269  ;  oha^  In  Rxad  Uaaaiaa.  S39  ;  mM.  ^^M 

^^^H              inmediBtv  anion.  268 ;  by  Moond    ia* 

fdoodcd  sBiina]*.  214,  S3S:  tmm^»m^^M 

^^K             t«ntiaii,   274  ;    by  Meonlu-y  adbarion, 

1  nlUal^  341.  MS ;  daA^Mi^^^H 

^^H             285;    method    of   «tad)inK,    S73 ;    of 

.  Ital  daaqnaaiatlaa^  SMtt  o-^^H 

^^^V             uiithm,    674  ;    nuiumary,   286 ;    oadcr 

ii<i'>i luld.  233  ;  af  caillNut  —  ;^^B 

^^m              maA,iM 

of  lung.  243  :  of  glaml  UaMi,  M4  :  aC^^H 

^^H          Hualtb,  detlultlou  of,  161 

niuKle.    243;    otfrooa  IrfMBri,   tllt^^H 

^^H           Haut,  aooclaratvd  beat,  668,   669  ;  anaur- 

t>ain,  269  :  |«r«DchymatMU,  930;  l«4-         ■ 

^^^1               ifm,  69A  ;  haw  mnaclea,   621  ;  bnincliM 

niBU,  '^60  ;  (waUinK,  260  ;  immfm9»me»,    ^^M 

^^^^H              of  "V 1                   r>lSO  :  branchu  of  ra^a. 

869  :  ra«cDlar  and  ttaaM  ntiaMW,  IMg^^H 

^^^1              66 1                      »,  692  :  dondy  •waUinf. 

*a«cnl&r   |<anj>,  meUiod,   <14 :   **^ilv^^^| 

^^B             fatty  InBUratluu  aud  d«enMB«)tkn,  M\  \\    '*&&                                                           ^^M 
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Inflammatory  affections  of   arteries,  661 ; 

eifasion,  fate,  265 
Ingeata  and  TuberculosU,  432 
Injecting,  70  ;  apparatus,  78 
Injection  of  lymphatics,  75,  321 
Inoculating  a  tube,  128 
Inoculation  of  animalti,  139 ;  of  Tubercle, 

431 
Intermittent  fever,  651 
Interstitial  nephritis,  647 
Intestine,  examination  of,  17 
Iodine,  160  ;  itain,  89 
Iodoform,  233,  293 
Iron,  in  blood,  450 

Jars,  museum,  52 

Joliann  Duncan,  chlorosis,  460 

Joints,  in  gout,  643  ;  in  rheumatism,  536 

Kbratitis,  252 ;  Cohnheim's  early  views, 
252,  later  views,  263 ;  method,  251  ; 
Strieker's  views,  266  ;  summary,  256  ; 
suppurative,  263 

Kidney  disea-se  and  cardiac  hypertrophy, 
647 

Kidneys,  616  ;  examination  o^  16  ;  infarc- 
tion, 680  ;  in  gout,  544  ;  hypertrophy, 
165 

Koch's  gelatine,  114 

Lactic  acid,  611,  637 

Lardaceous  disease,  167 

Laryngitis,  croupous,  235 
.  Lead  poisoning,  705 

Leech  secretion,  472 

Leiomyoma,  388 

Lenses,  101 

Leucin,  511 

Leucocytes,  449,  462,  481,  506;  numera- 
tion, 458  ;  proliferation  of,  264 

Leucocythseniia,  503,  508  ;  etiology,  616 

Leucocythseiiiic  blood,  449 

Leucocytosis,  618 

Leukemia,  608 

Liebrcich,  reaction  of  blood,  450 

Ligatures,  306 

Lipaemia,  207,  630,  688 

Lipoma,  383 

Lipomatous  sarcoma,  378 

Liquid,  exudation  of,  inflammation,  232 

Liquids,  dropsical,  340  ;  of  tissues,  solvents, 
293  ;  preparation  of,  for  staining,  139 

Liquid  vein,  656 

Lister's  flask,  121 

Liver,  619  ;  examination  of,  14 

Lung  disease  and  cardiac  hypertrophy,  644 

Lung,  frog's,  215 ;  infarction,  683 ;  in 
valvular  disease,  637  ;  cedema,  339, 
689 

Lungs,  examination  of,  14 

Lupus,  437 

Lutein,  179 

Lymphangeiomata,  396 


Lymphatic  glands,  examination,  19 

Lymphatics,  ii^ection,  321  ;  of  endocar- 
dium, 696 

Lymph,  circulation,  S21 ;  composition,  819 ; 
fistula,  342  ;  glands,  477,  515  ;   glands 

*  as  blood  trausforming  organs,  493 ;  hearts, 
321  ;  obstruction,  326 

Lymphoid  tumours,  610 

Lympho-sarcoma,  377 

Malassxz,  bnmoglobin,  462  ;  numeration 

of  blood  corpuscles,  466 
Malignancy,  signs  of;  360 
Maltose,  620 

Mamma,  cancer,  408  ;  tubercular,  434 
Maniacs,  pulse  in,  714 
Mask,  making  of,  718 
M'Fadyean's  tube,  120 
Medico-legal  reports,  37,  41 
Megalocytes,  447,  462,  605 
Melannmia,  561 
Melanine,  178 

Melanotic  cancer,  408  ;  sarcoma,  870 
Mellituria,  620 
Meningitis,  602 
Meningocele,  330,  336 
Menstruation,  467 
Mesentery,  examination,  216, 217 ;  inflamed, 

222,  226,  239 
Metalbumin,  341 
Microbes,  attenuation  of,  141 
Micrococcus,  603  ;  tetragenus,  605 
Microcytes,  447,  462,  496 
Microcytfatemia,  496 
Micro-otganisms  of  suppuration,  268 
Microscope,  98  ;  accessories,  109 ;  choosing 

a,  103  ;  magnifying  power,  107  ;  testing 

a,  106 
Microtomes,  62 
Microtome,  Cathcart's,  67  ;  laige  fteexing, 

64  ;  Lewis's,  66 ;  Rutherford's,  62,  68 ; 

Williams's,  66 
Miliary  aneurism,  672 
Milk,  circulation  of,  through  tubes,  208  ; 

spots,  668  ;  tubercular,  433 
Miquel's  method,  atmosjiheric  germs,  153 
Mitral  disease,  624,  638  ;  valve,  611,  614 
Models,  716,  718  ;  of  paiier,  719 
Moist  diamber,  126 
Momentum  of  blood,  694 
Monocrotic  pulse,  711 
Morbus  Werlhofli,  545 
Mordants,  133 
Morphia,  527 
Mounting  fluids,  93 
Mucoid  degeneration,  176 
Murmurs,  antemic,  654,  658  ;  cardiac  and 

vascular,  652  ;   cardiac,  direction,  667  ; 

causes,  666  ;  dynamic,  656  ;  endocardial, 

653  ;  exocardial,  662  ;   functional,  664  ; 

harsh  and  grating,  659  ;  musical,  668  ; 

organic,  653 ;  vascular,  66& 
Musdft,  coUoVA.  ot,\"l'5>  \  V}V«s*a«s^"l'>'^'*»^ 
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^^^B                inflamed,  243  ;  in  healing,  2*1 :  regMMTft- 

PapUla,  NMBttnMStloa,  ITS 

^H 

^^H 

Papniomata,  808 

^^^H 

^^^H            Muscular  exertion,  570 

Paranin,  etnVddlag  in,  61 

^^^H 

^^H           Masculi  (wpillMTii,  )iyp«rtrophy,  436 

Par;                    ;U 

^^H 

^^^H            Muwum  preparntioD*,  43 

T'ui                     :•  ioflamraatiMi,  tM 

^^^H 

^^M           Uyncarditia,  244,  677.  680 

Past4-iirx  inixi,  13;  pr«T«ativ«  laoeali 

■Ua^^^^B 

^^H           MyocMdiau.  diMMM,  681 

aathraz,    148]    syrtm   of  1*mm 

•owt^H 

^^H           Myoma,  S88 

141 

^^^H 

^^^B            MyomaU,  cardiac,  S9S 

navy's  method    for  eepaiailag   aasar 

b«a  ^^^1 

^^^L^  Uy(»iD,341 

blood,  624 

^^^1 

^^^^^^K  Vyxo-cyliudronia,  976 

""^  ^^^1 

^^^^^^B  llyzomatous  degeDcration,  176 

164 

B 

^^^^^^^^  MyionintouD  sarcoma,  860 

PqitoiM,  611 
F^ptOMUnU.  470 

^M 

^^^H         Nephritis,  705 

^^^H 

^^^H           Nerve  cells,  Goljo'>  itain,  83 

Perforating  ulcer,  317 

^^^B 

^^^1           Nerro    Ubm.    Pal's   ttaio,   &i  ;  Pal-Einer 

Periarteriitlt,  668  :  nodosa,  698 

^^^1 

^^m             itain,  88 

Pericanlitis,  662  :  etiotacy,  S^ 

^^^1 

^^^B           Nervea,  r«g«narattoo,  309  ;  of  endoesrdium. 

Pcriianlinni,    ailliorcnt,    M6 ;     tUm 

""^^^^l 

^^^H              606  ;  peripheral  stain,  82 

662  ;  tnniflurk,  566 

^^^1 

^^^1          Nar*oiu  Syntem,  218 

PWilouitis.  239,  241,  862,  706 

^^^1 

^^^H          Neanaon'i  hicniatoblaati,  480 

ParUncbt,  433 

^^^H 

^^^H           Nmiroma,  flbrouii,  883 

Pernicious   atuunla,    407,    SOS;    «tti 

Aff.       J 

^^^H           NenromaU,  302 

507 

^^^B           New  fomiationii.  369 

Peroamlc  acid  italn.  80 

^^^B 

^^^1           Norria'i  corpoMcIc,  190 

Phagocytes,  266,  29S 

^^^B 

^^H           Note-taking,  37 

P)i.      ■      •      u-ul.  161 

^^^B 

^^H            Nttiwe,  phthiaical,  432 

PI  .                           .    *:iJ,  151 

^^^B 

^^H          Nntritire  gelatine,  114 

fii                n 

I'l.i.'.ii.  ,  '.'-i 

l'Jl(»--I.iiMf'U  »  1 ■■'Hill,:.  ^'85 

^^1 

^^^^^^     OOOXTOMA,  388 

^^1 

^^^^^^K  Odour  of  <.)Tgaiu,  35 

Pliolngiaphj ,  111 

^^^B 

^^^^H  (Etienia.  328,  S30,  330  :  of  Iuiik,  680 

PktliUls,  pulmonary.  84ft 

^^^^t 

^^^^^^^H  (Eaophagna,  Ezaniinalinn        17 

PiMTkBmia,  S'Jii 

^^^B 

^^^^^^BOU  uid  ooacnialinn. 

Pfcro-«anuine,  78 

^^^^1 

^^^^^V^  OM  age,  70S  ;  puluc  iu,  714 

ftoO'Utbium-camiinr,  76 

^^^B 

^^V          OUgKiuU.  40« 

noMBl,  liih*le>(,  1*9  :  artraaaass,  170              1 

^^H           OIlgDcythvmia,  404 

Pl^MBUtion,  177.687 

^^M 

^^^H            Omentum,    exainisation.     217  :    inflamed. 

Plethora.  465.  466 

^^^H 

^^H                227,    2-iS,    230  ;     iultanied,     connective 

Plsthymograph,  606 

^^^B 

^^^1 

Pleuriay,  236 

^^^B 

^^B            Orv^u                           132 

Plram-imautnoBia,  of  oxsn,  XM 

^^^B 

^^^H           Orgau..... .^:,  268  ;  of  tluombua,  SOS  : 

pi,,,f.>r,„  ,r.»,iomata.  80$ 

^^^^1 

^^^1                 of  potOtt*  bodlee,  287 

I'll                   .  606  :  slalBlnf  of,  1» 

^^^fl 

^^^H          Oripina,  ooloar,  34  ;  coaaiatnc*,  SS  :  oon- 

li,                    s  627 

^^H 

^^^B                tour.  33  :  cat  aurface,  34  ;  in  pernicious 

PneuaMMkia,  705 

^^^H 

^^^^H                aiuamla,   605  ;    niicroacopic   •xaniliiatlon 

^^^B 

^^H              of,  .S6  ;  mtour,  36  ;  tite,  3S ;  «quM*tac 

Poikiloeytat,  463 

^^^H 

^^^B                and  icraping,  36  ;  suftM  nd  tigm,  89; 

PolariaaUan.  340 

■ 

^^^1                weight,  31 

Polypi,  411  ;  channel,  418 :  mwoma. 

4tl;       ■ 

^^m           (taaUyitc  MTooma.  8«8 

mascnlv,  «1S  ;  weOMAlMa.  ilS 

H 

^^m          Orteonn,  S«0,  387 

Ftotui  f«tB.  eowtrioutm  «sa :  Ikn* 

^^H           Ortaoid-sarrama,  368 

676 

^^^B           Ortao-iarooma,  898 

Potaah  salts.  660 

^^^^1 

^^H           OMBiMd  klr,  161 

POUto  iMuta,  119 
PoUto,  sterile,  119 

.n 

^^^^_    Paik,  260 

ptaalMt'sapparatua,at]nosi&«ricvninatlS«         B 

^^^^^^B    Painful  anhrutaoeoui  tutaercU,  800 

TndkniK  wave.  701 

■ 

^^^^^H   Painting,  mawom  pr«|«rmtioai^  U 

Pn«BUcy,   467.  706  :   and  bs«t  d 

is^B^             1 

^^^^^B  fal-ExDer  euin,  83 

660 

H 

^^^^^B  PalplUtion.  668  :  Induenca  of  DorrM,  668 

Prepvatlona,  onaenm — brsbu  ift ;  | 

IM--           1 

^^^^^    Pal  i  stain.  Hi 

(ne  joUy  tor.  44  t  kaiMl.  43 ;  oyMk 

^^^M            Paurrca«,  riamination  of,  \)                         ^      ^'<> 

J 
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Prwervntive  flaid,  70 

Pressure,  arterial,  694 

Prever,  hcmoglobiii,  451 

Prickle  celK  357 

Prophylaxis,  147 

Proteids,  dropsical  liquids,  841,  342 

Psammoma,  379 

Pseudo-tubercolosis,  437 

Ptomaines,  550 

Pnlmonary,  artery,  Talre,  614  :  oedema,  323 

Palse,  696,  705  ;  Corrigan's,  712  ;  dicrotic, 
709;  monocrotic,  711;  rapidity  is 
disease,  699  ;  tricrotic,  711  ;  rarieties, 
698  ;  water-hanimer,  712  ;  vave,  696  ; 
in  anenrisni,  713  ;  in  arteriitis,  713 ;  in 
asthma,  713  ;  in  maniacs,  714 ;  in  old 
age,  714 ;  in  Talrnlar  disease,  711  ;  of 
high  pressure,  705 ;  of  low  pressure, 
709 

Porpure,  545  ;  luemorrhagica,  470 

Pus,  262  ;  formation  of,  242 ;  methods  of 
exaniining,  264 

Putrefaction,  183 

Pyiemia,  677 

Pyaemic  aliecess,  602 

Quinine,  233 

Reaqents,  microscopic,  77  ;  staining,  77 

Redness  of  inflammation,  260 

Re<t  zone,  681 

Regeneration  of  tissues,  307 

Remak's  ganglion,  563 

Reports,  37,  41 

Respiration,  696 

Rhabdomyoma,  390 

Rheumatic  gout,  535 

Rheumatism,  535 ;  theories,  637 

Rodent  uloer,  408 

Runeberg's  experiments  on  filtration,  322 

Saccular  aneurism,  670 

Salicylic  acid,  233 

Salivary  gland,  cancer,  405 

Salt  f^,  253 

Salt  solution,  472 

Sanderson's  system  of  attenuation,  143 

Sarcomata,  369  ;  alveolar,  371  ;  giant-cell, 
366  ;  lipomatous,  378 ;  oat-seed-like, 
365  ;  melanotic,  370  ;  myzomatons,  369 ; 
of  bone,  368  ;  spindle  cell,  reproduction, 
365 ;  degenerations,  380  ;  embryonic 
significance,  360  ;  round  cell,  361  ; 
spindle-cell,  363 

Schiifer,  reaction  of  blood,  450 

Scheuerlen's  bacillus,  407 

Sciatic,  division  of,  220 

Sciatic  nerve,  328 

Scrofula,  436 

Scurvy,  547 

Sectio  cadaveris,  1  ;  aorta,  19  ;  bladder, 
17  ;  brain,  20  ;  external  appearances,  4 ; 
first  incision,  5  ;  general  examination  of 


oigaas,  31 ;  head,  SO ;  heart,  6 ;  inatra- 
meata,  2 ;  kidneya,  15 ;  liver,  14 ; 
lnng^  14  ;  lymphatic  ^ands,  10  ;  maa- 
snrement  of  liqnida,  5  ;  mouth,  larynx, 
and  pharynx,  19 ;  onophagus,  17  ;  pan- 
creas, 19  ;  typhoid,  19  ;  reagents,  4 ; 
semilunar  ganglia,  19  ;  spinal  cord,  29  ; 
spleoi,  15  ;  stomach  and  intestines,  17  ; 
supra-renal  capaules,  17;  nreten,  16; 
vena  cava,  19 

Section-cutting,  6S ;  preparation  for,  58 ; 
serial,  68  ;  serial,  Weigert,  69 

Sections  through  brain,  23 

Semilunar  ganglia,  examination,  19 

Senftlebea  experiment,  304 

Septic  abscess,  677 

Septic  emboli,  677 

Serum,  in  coagulation  of  blood,  302 

Semm-steriliser,  117 

Sex,  467 

Shock,  471 

Silver,  stain,  88  ;  stained  cornea,  249 

Simple  histioid  tumonra,  381 

Skin,  cancer,  406 

Skin-grafting,  277,  807 

Skin,  cedema,  328 

Soft  chancre,  317 

Sounds  of  heart,  prolongation,  659 

Spanaemia,  496 

Sphygmogram,  and  blood-pressure,  697 ;  in 
old  persons,  702  ;  normal,  701 

Spbygmograph,  700 

Sphygmotonometer,  696 

Spina  bifida,  336 

Spinal  cord,  examination,  29  ;  section,  527 

Spleen,  417,  619;  as  blood-tnmsfomiing 
organ,  485 ;  examination  of,  16 ;  in- 
farction, 681  ;  in  leucocythnnia,  513  ; 
pernicious  ansmia,  506 

Splenic  artery,  486 

Splenic  vein,  485 

Splenotomy,  487 

Sponge,  organisation,  287  ;  siliceous,  294 

Sputum,  phthisical,  432;  staining  of,  139 

Stagnation,  inflammation,  cause,  231 

Staining,  double,  bacteria,  134 ;  of  bacteria, 
133 ;  reagents,  77 

Staphylococcus  p.  aureus,  606 

Statistics  on  endocarditis,  596 

Steam,  sterilisation  by,  122 

Sterilisation,  122 

Stimulants,  action  on  wounds,  285 

Stings,  332 

Stomach,  examination  of,  17 

Streptococcus  pyogenes,  605 

Stroma  of  cancers,  402 

Succinic  acid,  511 

Sugar,  history  of,  620 

Sugar  in  blood,  623;  in  diabetic  blood 
626 

Suppuration,  242,  262 ;  causes,  262 ;  de- 
finition, 262  ;  of  cornea,  253  ;  or^niami^ 
dislnteic^iou,  Vb\ 
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